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ABSTRACT 
Effects of Gender, Intrinsic Motivation, and User Perceptions in End-User Applications 
at Work 
Thippaya Chintakovid 
Susan Wiedenbeck, Ph.D. 
 
 
 
 
 
Effects of gender, self-efficacy, ease of use, and usefulness on end-user 
programmers' state of flow, a form of intrinsic motivation, and task performance in 
carrying out spreadsheet debugging tasks were examined. Results showed that perceived 
ease of use was the most influential factor of intensity of flow and task performance. 
Conceptually, perceived ease of use embodied both an individual’s perception of 
system’s ease of use and an individual’s self-efficacy. The influence of perceived ease of 
use and self-efficacy on the intensity of flow was in line with the flow theory in that an 
individual would experience a state of flow when an individual’s skills were parallel to 
the challenge of the tasks. The higher the perception of ease of use and self-efficacy, the 
greater the intensity of flow experienced by end users. In other words, the perception of 
ease of use and self-efficacy were essential to end users’ intrinsic motivation. In terms of 
task performance, for males, the higher their perception of the system’s ease of use and 
self-efficacy, the better they could perform the tasks. These findings suggest that beliefs 
in one’s ability to use the system (perceived ease of use) to carry out the tasks (self-
efficacy) were mainly important in achieving successful task performance. For females, it 
was surprising to learn that none of the factors influenced their task performance. These 
findings call for future works to investigate which factors directly impact females’ 
x 
 
 
spreadsheet-debugging performance or mediate between the study’s investigated factors 
and females’ task performance.  
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CHAPTER 1: INTRODUCTION 
A study estimates that end-user programmers in American workplaces will reach 
90 million by 2012, compared to Bureau of Labor Statistics projections of fewer than 3 
million professional programmers. Of these 90 million end-user programmers, it is 
anticipated that over 55 million end users will use spreadsheets or databases (Scaffidi et 
al., 2005). These numbers suggest that a larger number of end users will perform 
programming than professional programmers.  
Who are end users? End users, or end-user programmers, are computer users who 
use not only the features provided with the software but also often engage in basic 
computer programming in order to complete a task. End users’ goals for programming 
are different from professional programmers’ goals. They do not strive to create the best 
quality software. Rather, programming is a part of the processes to accomplish their 
‘actual goals,’ for instance, accounting, managing safety and financial data, teaching, 
designing user interface prototypes, and promoting their business via websites. Examples 
of end-user programming are creating formulas in a spreadsheet program or creating 
document templates in a word processing program. End users’ background and training 
are also different from professional programmers. End-user programmers have little 
training and knowledge about programming. End-user programmers mostly learn 
programming on the job. Due to these differences, it is likely that end-user programmers 
do not know about quality control mechanisms, formal development processes, modeling 
diagrams, or test adequacy criteria, and do not tend to invest time learning about such 
things.   
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Previous research has identified dependability problems in end-user-created 
software. Errors in end-user-created software are pervasive (Panko, 1995; Raz & Shaw, 
2000; Ricca & Tonella, 2001). These errors can have significant consequences; for 
instance, spreadsheet errors caused a Texas oil firm a multimillion-dollar loss in an 
acquisition deal (Panko, 1995). 
The software dependability problem has led to research efforts to help end users 
create effective software (Myers et al., 2005). Efforts to help end users create effective 
software are twofold: 1) developing new tools enabling end users to effectively create 
software and 2) encouraging end users to learn and use the new tools.  
End users’ willingness to adopt new end-user programming tools is as significant 
as the availability of software enhancements aiding end users in end-user programming. 
The new software enhancements will not be beneficial to end users if the end users do not 
choose to use them. End users might not easily adopt new features. It is unlikely that end 
users will spend any time just learning about the system, since end users’ main 
motivation for using computer systems is job productivity (Carroll & Rosson, 1987). End 
users are likely to use known features to complete a task rather than taking time to learn 
to use the new feature which could handle the task in a more effective way. An 
interesting research problem is how to design software that will encourage users to learn 
and use new software features. In particular, a broad research question is how an 
intrinsically motivating system can be designed. An intrinsically motivating computer 
system is a computer system that users enjoy using and that helps users engage in their 
tasks. 
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To tackle this broad research question, a first step is to identify variables affecting 
users’ motivation to use a computer system. This study focuses on end users’ intrinsic 
motivation to use a computer system’s features to help them accomplish their tasks.  
Intrinsic motivation is an internal drive to perform an activity for the sake of enjoyment 
of the activity itself (Csikszentmihalyi, 1975; Levy, 1978). With intrinsic motivation, 
users continue using a computer system because they enjoy using it. By contrast, 
extrinsic motivation relies on external rewards, such as pay and promotion, which keep 
users using a computer system (Davis et al., 1992; Csikszentmihalyi, 1975). Evidence 
shows that intrinsic motivation can have an impact on users’ adoption of software. For 
example, Venkatesh (1999) compared the effect of intrinsically motivating game-based 
training for learning a software application to traditional lecture-based training. 
Compared to lecture-based training, game-based training, which was designed to offer a 
more interesting and enjoyable experience, enhanced users’ perceptions of ease of use 
and behavioral intention to use the software. An intrinsically motivating system is not 
necessarily a game (Malone, 1980; Malone & Lepper, 1987). Workplace applications can 
also be intrinsically motivating. Davis and Wiedenbeck (2001) found that intrinsic 
motivation of users who used a menu-based word processing application was greater than 
those using a command-based word processing application. 
Several factors, system dependent and non-system dependent, affecting user 
software adoption and use have been identified. Perceived ease of use and perceived 
usefulness are two significant system dependent factors that have consistently shown 
impacts on software adoption (Davis, 1989; Davis et al., 1989; Davis, 1993) as well as 
performance (Davis & Wiedenbeck, 2001). Non-system dependent factors, or individual 
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characteristics, such as gender, cognitive playfulness, and self-efficacy, have also shown 
impacts on software adoption and performance (Webster & Martocchio, 1995; Beckwith 
et al., 2005).  
However, the impact of these factors on intrinsic motivation and user performance 
in end-user programming has not been investigated.  Moreover, the effects of these 
system dependent and non-system dependent factors on software adoption and 
performance, in the large part, have been examined separately. Not much research has 
looked into the combined effect of these factors on intrinsic motivation, software 
adoption, and performance.  
Thus, this research examines factors and their combined effects that affect end 
users’ intrinsic motivation, software adoption, and performance. The contribution of this 
study to the research field is the identification of factors that promote or inhibit end-user 
programmers’ intrinsic motivation and the significance of each factor’s impact on 
adoption and performance. Ultimately, the question is how these factors can be taken into 
account in the design of software to support end users’ programming activities. The 
findings of this research could be applied in designing new features to enhance computer 
systems with intrinsically motivating elements.  
 
 
 
 
 
 
5 
 
 
CHAPTER 2: REVIEW OF THE LITERATURE  
 This section reviews literature on intrinsic motivation and several important 
factors that affect intrinsic motivation. Gender effects in software are also reviewed 
because this research is interested in determining whether intrinsic motivation and related 
factors affect males and females differently. 
2.1 Intrinsic Motivation 
Intrinsic motivation may be characterized as an internal force driving a person to 
carry out an activity due to the enjoyment, or personal reward, of the activity itself 
(Csikszentmihalyi, 1975; Levy, 1978). Researchers have identified four underlying 
characteristics that make activities, such as computer games, intrinsically motivating: 
challenge, curiosity, control, and fantasy (Malone, 1980; Malone & Lepper, 1987). For an 
activity to be challenging, an individual must first know what goal he or she should 
attain. In addition, attainment of the goal must be uncertain. In other words, outcomes of 
actions to reach the goal are undetermined. To increase challenge, an activity can provide 
uncertain outcomes by varying difficulty level, having multiple level goals, providing 
incomplete information, and using random elements. To keep the activity challenging, an 
activity should also give performance feedback that is frequent, clear, constructive, and 
encouraging. The challenge should match the individual’s sense of his or her abilities. 
The arousal of curiosity can also keep the activity intrinsically motivating. Two kinds of 
curiosity have been identified in the literature: sensory curiosity and cognitive curiosity 
(Malone, 1980; Malone & Lepper, 1987). Sensory curiosity can be aroused by color, 
sound, or other sensory stimuli in an environment. Cognitive curiosity can be stimulated 
by making an individual perceive that his or her existing knowledge is incomplete, 
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inconsistent, and unparsimonious. Moreover, the individual should perceive a sense of 
control over the activity. The environment should provide the individual with different 
choices for action. Responses should clearly be dependent on the actions taken. The 
individual should be able to perceive that his/her actions actually make a difference in the 
environment. Finally, fantasy, which includes metaphor or analogy, helps the individual 
make a connection between new knowledge and existing knowledge. For example, the 
color red usually connotes a negative, e.g., an error. Users should be able to relate the 
existing connotation of the color red to the new information in the new environment, for 
example, the color red around a cell’s border in research spreadsheet software signifies 
that the cell has not been tested, which implies that the cell might contain errors.  
Similarly, Koster (2005) describes that a fun game consists of a sequence of 
challenges that require players’ abilities and skills to tackle them. A fun game has an 
underlying set of rules that governs players’ actions in the game. This rule is a core 
mechanic of the game that can support many forms of challenges. Additionally, in a fun 
game, players can make some planning decisions that affect the odds of success in the 
game before taking on the challenges. The need for preparation in a game indicates that 
the game does not rely on chance (Koster, 2005).  
In the domain of human-computer interaction, engagement, a concept introduced 
by Hutchins et al. (1985), is similar to the constructs of control and fantasy in the theory 
of intrinsic motivation (Davis & Wiedenbeck, 2001). Engagement is defined as a 
perception of working directly on the objects of interest rather than on surrogates. 
Hutchins et al. (1985) and Shneiderman (1982) argue that a computer interface 
supporting the direct manipulation style of interaction promotes high engagement 
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because of the concrete representation of the objects, the continuous visibility of the 
objects, the physical manipulation on the objects (e.g., pointing, dragging, clicking), the 
flexibility of actions on the objects (i.e., actions that are rapid, incremental, and 
reversible), immediate and visible feedback, and being a part of the overall metaphor of 
the interface. Low effort to access information and features of the interface is likely a 
contributor to users’ level of engagement supported by the interface. Readily available 
information or features provided in the interface will be more easily accessible than 
partly hidden information or features, which require users’ higher effort to use them 
(Gray & Fu, 2004). 
Prior research has shown a positive impact of intrinsic motivation on computer 
software training. Intrinsically motivating game-based training, which offered a more 
enjoyable session, enhanced users’ perceptions of ease of use and behavioral intention to 
use the software compared to lecture-based training (Venkatesh, 1999). Intrinsic 
motivation helped mediate the effect of interaction style of computer interfaces on task 
performance. After learning to use a direct manipulation interface, trainees using a menu-
based word processing application showed greater intrinsic motivation, or engagement, 
than command-based users in carrying out a series of word processing tasks (Davis & 
Wiedenbeck, 2001).  
A highly intrinsically motivating activity can induce one’s sense of total 
involvement, losing track of time, space, and other events. This state has been referred to 
as a state of flow, or flow experience (Csikszentmihalyi, 1975). This study employs the 
flow experience as a measure of an intrinsic motivation. Flow is described as a state in 
which “action follows upon action according to an internal logic that seems to need no 
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conscious intervention by the actor. He experiences a unified flowing from one moment 
to the next, in which he is in control of his actions, in which there is little distinction 
between self and environment, between stimulus and response, or between past, present, 
and future” (Csikszentmihalyi, 1975, p. 36). According to Csikszentmihalyi (1990), flow 
incorporates intense concentration, a sense of being in control, a loss of self-
consciousness, and a transformation of time, which is a loss of one’s sense of the passage 
of time. Csikszentmihalyi (1996) says that flow will occur when there is a balance 
between challenge and skills. If the challenge is too high, frustration will occur. On the 
other hand, if challenge is too low, it will cause boredom. Ghani & Deshpande (1994) 
argue that the flow experience in information technology use is characterized by “(a) total 
concentration in an activity and (b) the enjoyment which one derives from an activity” 
(p.382).  Several survey studies have shown that the flow experience occurs in diverse 
contexts, for example, while using websites (Chen et al., 1999; 2000), in computer-
mediated communication (Trevino & Webster, 1992), and in day-to-day computer use at 
work (Ghani & Deshpande, 1994).  
As suggested above, identified antecedents of intrinsic motivation, or the flow 
experience, are related to the task and environment in large part.  In addition to the 
impacts of task and environment on the flow experience, research shows that the flow 
experience is also affected by individual differences. In a computer training study, 
Webster & Martocchio (1995) found that cognitive playfulness, the propensity to be 
imaginative, inventive, and exploratory when performing an activity, directly influenced 
flow. Flow, in turn, directly influenced trainee satisfaction, learning, and post-training 
reactions. Self-efficacy, one’s perceived ability to accomplish a task, can arguably impact 
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the flow experience. According to Bandura (1991), an individual with low self-efficacy 
tends to feel little control over elements of an environment while an individual with high 
self-efficacy tends to feel a sense of control and find ways to manipulate the elements of 
the environment effectively. Interesting research questions are whether these individual 
differences have an impact on users’ intrinsic motivation, or the flow experience in 
particular, and how these individual differences can be manipulated or incorporated into a 
system in order to help promote intrinsic motivation for software adoption and use. 
Another interesting research question is whether the effect of these individual differences 
on intrinsic motivation is different between males and females. In other words, it is 
interesting to examine whether there are relationships among gender, cognitive 
playfulness, self-efficacy, and intrinsic motivation. 
Users’ perceptions of the task or environment might have an impact on intrinsic 
motivation as well. Although research has shown the impact of intrinsic motivation on 
perceived ease of use (Venkatesh, 1999), it is interesting to investigate whether the 
perception of ease of use and perception of usefulness, two constructs from the 
Technology Acceptance Model (Davis, 1989; Davis et al., 1989; Davis & Wiedenbeck, 
2001), might have an impact on intrinsic motivation. It is also interesting to investigate 
whether the impact of perceived ease of use and perceived usefulness on intrinsic 
motivation might differ between males and females. 
Further, the flow experience construct has not been explored much in the domain 
of end-user programming, especially end-user debugging of spreadsheets. Based on prior 
research, it is hypothesized that flow experience can also occur when end users test and 
find errors in their spreadsheets.  
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2.2 Cognitive Playfulness 
 Cognitive playfulness, or cognitive spontaneity, is one of the five dimensions of 
the general trait of playfulness. The five dimensions of the general trait of playfulness are 
cognitive spontaneity, social spontaneity, physical spontaneity, manifest joy, and sense of 
humor (Barnett, 1991; Lieberman, 1977). Cognitive spontaneity, the propensity to be 
imaginative, inventive, and exploratory when performing an activity, is a kind of 
intellectual playfulness (Webster & Martocchio, 1992).  Lieberman (1977) states that the 
“overt manifestations of cognitive spontaneity are curiosity and inventiveness” (p.57-58). 
A cognitively playful individual ‘plays with ideas’ in order to carry out an activity 
(Lieberman, 1977). For example, Lieberman (1977) explains the behavior of a playful 
individual as “[he] will be testing hypotheses in the propositional ‘if-then’ manner, will 
go over his thinking, and the reservoir of factual knowledge through the process of 
reversibility of operations, and may come out with unique solutions as a result of his 
‘playing with ideas’” (p.57-58).  
 Prior research shows that users with cognitive playfulness in computer learning 
would perform better and show more positive affect (Martocchio & Webster, 1992; 
Webster & Martocchio, 1992). Labeling computer software training as play led to higher 
motivation and better performance by some groups of users (Webster & Martocchio, 
1993).  Webster & Martocchio (1992) argue that when interacting with new software, 
individuals with high cognitive playfulness are more likely to explore available options in 
the menus and experiment with them. With their self-motivated interaction, more playful 
individuals are more likely to master the software and have a more positive attitude 
towards the software. Using a survey to measure cognitive playfulness with computers, 
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Webster and Martocchio found that computer playfulness was positively related to 
trainee learning, satisfaction, and post-training reactions (Webster & Martocchio, 1995). 
More playful trainees exhibited more positive attitudes towards the skill and used the 
software more than less playful trainees (Webster & Martocchio, 1995). Further, 
individuals with high computer playfulness achieved higher performance on an objective 
test of software knowledge than individuals with low computer playfulness (Martocchio 
& Webster, 1992).  
 There is no research to date examining the impact of cognitive playfulness either 
on users’ intrinsic motivation to use end-user programming applications or on users’ 
performance in the domain of end-user programming. 
2.3 Self-efficacy 
Self-efficacy, according to Bandura (1977), is defined as a person’s perceived 
ability to carry out a particular task. Self-efficacy influences the level of effort a person 
will exert when working on a task and the level of persistence when faced with 
difficulties or obstacles during the task.   
 Studies have shown that computer self-efficacy has an impact on learning and 
post-training reactions (Webster & Martocchio, 1995) and computer use, enjoyment of 
computer use, and computer anxiety (Compeau & Higgins, 1995; Compeau, Higgins & 
Huff, 1999). Individuals with high level of computer self-efficacy experienced less 
computer anxiety, used computers more, and enjoyed using computers more (Compeau & 
Higgins, 1995). Self-efficacy even impacted attitudes towards a new software package 
prior to its use (Hartzel, 2003).  
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Research has linked self-efficacy and gender differences. Busch (1995) found that 
female students had lower self-efficacy than male students on performing complex tasks 
in word processing and spreadsheet software at the end of a year-long computer 
application course. Similarly, female students in a business computer application course 
had lower level of self-efficacy than males on computer file and software management 
activities (Torkzadeh & Koufteros, 1994). 
Regarding end-user programming, self-efficacy is a predictor of the effectiveness 
of debugging feature usage by users, particularly females. Beckwith et al. (2005) found 
that females had lower level of self-efficacy than males in debugging spreadsheets. 
Females were less willing than males to try out and continually use the new debugging 
features. Also, females tried to use familiar features (formula editing) earlier than the new 
debugging features. Females’ low usage of the new debugging features, as a result, 
impacted females’ debugging performance, i.e., they introduced a greater number of 
errors in spreadsheets than males (Beckwith et al., 2005).      
Despite the large body of research on the impact of self-efficacy on computer 
performance and computer use, there exists little research attention on the impact of self-
efficacy on intrinsic motivation to use a computer system. Based on prior research, it is 
possible that self-efficacy might impact users’ intrinsic motivation. An interesting 
question is whether individuals with high self-efficacy will believe in their ability to 
successfully carry out an end-user programming activity and perceive a high sense of 
control over the environment. These perceptions may encourage individuals’ total 
involvement with the activity, thereby leading to the state of flow. 
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2.4 Perceived Ease of Use and Perceived Usefulness 
 The Technology Acceptance Model (TAM) (Davis, 1989; Davis et al., 1989; 
Davis, 1993) suggests two significant factors affecting user acceptance of information 
technology: perceived usefulness and perceived ease of use. Perceived usefulness refers 
to a perception that using the technology will result in better task performance. Perceived 
ease of use refers to a perception that little effort is needed to use the technology. TAM is 
a model dealing specifically with factors motivating individuals to adopt a technology.  
Prior research has validated this model and confirmed that the two factors impact 
users’ attitudes towards adopting a technology and actually using it. In a longitudinal 
study, Davis et al. (1989) found that perceived usefulness and perceived ease of use 
jointly influenced users’ intention to adopt the software after a one-hour introduction to a 
word processing program. However, at the end of 14 weeks after the software 
introduction, only perceived usefulness had a direct effect on users’ intention to use the 
technology, while perceived ease of use indirectly influenced users’ intention via 
perceived usefulness. Intention was found to be significantly correlated with usage. In 
another study, Davis (1993) again found that the intention to use a system significantly 
impacted usage.  
The aforementioned research has shown a stronger effect of perceived usefulness 
than perceived ease of use on users’ intention to use computer systems. In large part, 
these results suggest that computer usage behavior is mostly influenced by extrinsic 
motivation, e.g., performance gains and associated rewards that accrue from using a 
system. However, a study has shown that intention to use a system is affected by not only 
extrinsic motivation but also intrinsic motivation. Davis et al. (1992) found significant 
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effects of perceived usefulness, an example of extrinsic motivation, and enjoyment, an 
example of intrinsic motivation, on intention to use word processing programs and 
business graphics programs. The perceived usefulness and enjoyment indirectly 
influenced usage behavior. They also found that perceived ease of use had a significant 
influence on both users’ perceived usefulness and enjoyment.  
These previous studies largely examined the effect of perceived ease of use and 
perceived usefulness on users’ intention to use software and its usage. These studies did 
not particularly investigate the impact of these two factors on users’ performance. 
Moreover, there is not much research investigating the role of perceived ease of use and 
perceived usefulness on intrinsic motivation towards learning and using new systems’ 
features, particularly in the field of end-user programming. 
2.5 Gender 
The differences between males and females in various areas have long been 
documented. Regarding perception of risk, Finucane et al. (2000) found that females’ 
perception of risk is higher than males’ in everyday choices and behaviors. Females are 
also more risk-averse than males in making financial decisions (Jianakoplos & Bernasek, 
1998) and in informed guessing tasks (Byrnes et al., 1999). 
In the computing domain, a large body of research has documented behavioral 
and cognitive variance between males and females. In a now classic study, Turkle (1988) 
argues that females are hesitant to use computers because “the computer becomes a 
personal and cultural symbol of what a woman is not” (p.41). Turkle (1988) calls this 
phenomenon computer reticence. She shows negative image of hackers, i.e., staying up 
all day and night to come up with a solution, to be one of the reasons for females’ 
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computer reticence. Females, who tend to be more socially-oriented than males, view the 
hackers’ obsession with the computer as a disruption of human relationships (Turkle, 
1988). Further, she shows that boys are more often given machine-type toys, including 
computers, and encouraged to experiment with these machines.  On the contrary, girls 
usually receive productivity- or educational-oriented software, which does not necessarily 
educate them about computers (Graner-Ray, 2004). Not surprisingly, females are 
significantly underrepresented in the overall IT workforce (ITAA, 2005; National 
Council for Research on Women, 2001), particularly in computer science (Bryant & 
Vardi, 2002). The study does not aim to increase the number of women in computer 
science and IT. Rather, this study examines ways to design a computer system that will 
work effectively for both genders. It is important to understand gender differences when 
interacting with computer systems because a computer system that supports one gender 
over the other may not encourage the unsupported gender to use the system and may 
impair their performance, as documented in previous research (Beckwith et al., 2005) 
In end users’ computer usage, self-efficacy is likely a key factor that accounts for 
a large difference between male and female behaviors (Busch, 1995; Torkzadeh & 
Koufteros, 1994). As discussed in the Self-Efficacy section of this review, previous 
research has shown that females have lower self-efficacy than males when performing 
everyday computer-related tasks with spreadsheets, word processing, and file 
management and that their low self-efficacy may prevent them from trying out unknown 
computer applications.  
Regarding the area of end-user spreadsheet debugging, females' low level of self-
efficacy is also found to be a major contributor to both female student and professional 
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end-user debuggers' ineffective use of debugging features (Beckwith et al., 2005; 
Beckwith et al., 2007). In Beckwith et al. (2005), low self-efficacy female students 
perceived that learning to use a new (untaught and unfamiliar) feature would take a long 
time to learn. This unwillingness to learn and adopt a new feature led to females' low 
effectiveness in debugging performance, as females (37.5%) introduced more new bugs 
to the spreadsheet than did males (7.4%). Likewise, low self-efficacy female professional 
debuggers used familiar features more than unfamiliar ones to complete the task 
(Beckwith et al., 2007). However, a subsequent end-user debugging study shows that 
females will adopt features if they support their self-efficacy and information needs 
(Grigoreanu et al., 2008). 
In addition, computer gaming research has uncovered that girls generally prefer 
exploring and moving about freely in a game (Agosto, 2004). Girls, in general, care less 
about finishing or winning a stage before they move on. Unlike girls, boys prefer working 
linearly through stages of the game (Gorriz & Medina, 2000). This finding suggests that 
girls’ and boys’ problem-solving styles might be different. Gender differences in problem 
solving styles are also observed in end-user debugging of spreadsheets. Beckwith et al. 
(2006) found that males performed tinkering more often than females. Tinkering was “an 
informal, unguided exploration initiated by features visible in the environment” 
(Beckwith et al., 2006, p. 232). This result suggested that males were more likely to adopt 
exploratory strategies. However, females were more likely to pause, which allowed for 
reflection on the system’s feedback. Females’ tinkering with pauses was significantly tied 
to greater debugging effectiveness and understanding of system features (Beckwith et al., 
2006). Gender differences in spreadsheet debugging strategies were also found in 
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Subrahmaniyan et al. (2008). This study showed significant gender differences in seven, 
out of eight, strategies used to debug spreadsheets.  
Seemingly, gender differences in problem-solving styles differ in game and work-
related applications. As mentioned above, Gorriz & Medina (2000) reported findings that 
showed girls prefer using exploratory strategies in games, whereas Beckwith et al. (2006) 
found that females were less likely to adopt exploratory strategy when working on 
spreadsheet debugging tasks. Possible explanations behind the differences of males and 
females’ problem-solving styles in different contexts are as follows. A game is a kind of 
an entertainment. Since playing a game is just for fun, females might be less likely to fear 
that making mistakes will significantly generate any negative impact. Games might also 
provide females a changeable and reversible environment, i.e. players are in control of 
the environment and able to correct their mistakes. Females, in addition, do not value 
competition as much as males do. Thus, females may feel it less necessary to win a stage 
of a game in order to feel a sense of accomplishment. However, in the context of 
spreadsheet debugging, females, who are generally more risk-averse, might fear that they 
will make mistakes when using software features they do not know about and the 
mistakes will prevent them from completing the tasks. Therefore, females in Beckwith et 
al.’s study took pauses more often than males for better understanding of the system 
features (2006). In addition, females might perceive that the spreadsheet system is more 
rigid, i.e., they were not sure what can be changed or undone.  
 In terms of technology acceptance, one study showed that females were more 
influenced by perceived ease of use while males were more strongly influenced by 
perceived usefulness (Venkatesh & Morris, 2000).  
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 Regarding intrinsic motivation, no major study has examined whether there is a 
gender difference in intrinsic motivation to learn and use features of new software. This 
research is interested in exploring the impact of gender on intrinsic motivation to learn 
and use new software features. 
2.6 Research Questions 
The overall research question is how an intrinsically motivating computer system 
can be designed to improve users’ performance. To tackle the overall research question, 
this research first identifies factors that affect users’ intrinsic motivation for human-
computer interaction. The long-term goal of this research is to identify approaches to 
accommodate these factors in a design of an intrinsically motivating computer system.  
Prior research has investigated characteristics of an activity that makes the 
activity intrinsically motivating (Malone, 1980; Malone & Lepper, 1987). Research has 
paid less attention on the impact of group differences (such as gender), individual 
differences (such as cognitive playfulness and self-efficacy), and users’ system 
perceptions (such as perceptions of usefulness and ease of use) on intrinsic motivation. 
The contribution of this study is that it examines altogether the impact of these 
differences on intrinsic motivation and performance. The study investigates whether 
relationships among these factors exist and the extent to which the relationships influence 
users’ intrinsic motivation and performance. Another contribution of the research is that 
the study investigates the effects of these factors on user performance, not intention to 
use a computer system as has been typical in the past (e.g., Ghani & Deshpande, 1994).   
 Specifically, this study poses the following research questions: 
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RQ1, RQ2, and RQ3 are research questions dealing with the main effect of the 
end-user programming software, the main effect of gender, and the interaction effect of 
the end-user programming software and gender on users’ intrinsic motivation and 
performance. 
RQ1: Do the simple and enhanced version of the end-user debugging software 
affect users’ intrinsic motivation and performance differently? If so, how? 
RQ2: Does gender affect users’ intrinsic motivation and performance differently? 
If so, how? 
RQ3: Is there an interaction effect between the two versions of the end-user 
debugging software and gender on users’ intrinsic motivation and performance? If so, 
how? 
Finally, RQ4 deals with the effect of users’ characteristics and system perceptions 
on users’ intrinsic motivation and performance. 
RQ4: Do computer self-efficacy, cognitive playfulness, perceived ease of use, and 
perceived usefulness relate to users’ intrinsic motivation and performance? If so, how do 
these factors interact in affecting intrinsic motivation and performance in end-user 
debugging? 
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CHAPTER 3: RESEARCH METHOD 
This study is a 2x2 experimental design with two primary independent variables: 
interface (simple vs. enhanced version) and gender (male vs. female) (Figure 1). The 
simple and enhanced interfaces are described in the Environment subsection of the 
chapter. This study also includes secondary independent variables: self-efficacy, 
cognitive playfulness, perceived ease of use, and perceived usefulness, which are 
hypothesized to have an impact on users’ intrinsic motivation and performance as well. 
Dependent variables are the flow state, a construct to measure intrinsic motivation, and 
performance measures, including number of seeded bugs fixed, number of new bugs 
introduced, final percent testedness of the spreadsheet, and frequency of each feature use. 
Details of the dissertation’s research method are outlined in the following 
subsections.  
• Participants 
• Materials: Environment, Tutorial, and Tasks 
• Procedure: Instruments, Experimental Procedure, and Data Analysis 
3.1 Participants 
Participants were recruited from undergraduate students from a variety of 
departments at Drexel University. Recruitment procedures included class announcements 
and bulletin board postings. Ninety-eight students participated in the study. Half of the 
participants were randomly assigned to the simple interface and the other half to the 
enhanced interface (Figure 1). The simple interface refers to the study's spreadsheet 
debugging software that is equipped with the basic debugging features while the 
enhanced interface provides not only the basic debugging features but also additional 
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features supporting low self-efficacy users. A detailed description of these two interfaces 
is illustrated in the subsection 3.2.1.  
Two main criteria for student selection are as follows: 
- Students have previously used formulas in spreadsheet software, e.g. Microsoft 
Excel. This criterion is operationalized as the number of years students have used 
spreadsheet software and the extent to which they have used formulas in 
spreadsheets. 
- Students have little or no programming experience, i.e., students had not taken 
any college-level programming course except an Introduction to Computing 
course. Students are not majoring in computer science, computer engineering, 
electrical engineering, or information systems.  
 
Figure 1. 2x2 experimental design and number of participants in each cell  
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3.2 Materials 
3.2.1 Environment 
The debugging features used in this study are a part of WYSIWYT (“What You 
See Is What You Test”).  WYSIWYT is a collection of testing and debugging features 
that allows users to incrementally “check off” or “X out” values that are correct or 
incorrect, respectively (Burnett et al., 2004).  In addition, arrows that allow users to see 
the dataflow relationships between cells also reflect WYSIWYT “testedness” status at a 
finer level of detail. 
The underlying assumption behind WYSIWYT is that, as a user incrementally 
develops a spreadsheet, he or she can also be testing incrementally.  Figure 2 shows an 
example of WYSIWYT in Forms/3 (Burnett et al., 2001), the research spreadsheet 
environment used in this study.  In WYSIWYT, untested formula cells (i.e., cells with 
non-constant formulas) have red borders, e.g. Final Percentage.  Whenever users notice a 
correct value, they can place a checkmark (√) in the decision box at the corner of the cell 
they observe to be correct: this communicates a successful test.  Behind the scenes, 
checkmarks increase the “testedness” of a cell according to a test adequacy criterion 
based on formula expression coverage (described in Rothermel et al., 2001), and this is 
depicted by the cell’s border becoming more purple or blue, e.g. Mid1Perc and Avg for 
Q&C.  Also visible in the figure, the progress bar (top) reflects the testedness of the entire 
spreadsheet. 
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Figure 2.  An example of WYSIWYT in Forms/3 
 
 
 
Instead of noticing that a cell’s value is correct, the user might notice that the 
value is incorrect.  In this case, instead of checking off the value, the user can put an X- 
mark in the cell’s decision box.  X-marks trigger fault likelihood calculations, which 
cause cells suspected of containing faults to be colored in shades along a yellow-orange 
continuum, with darker orange shades given to cells with increased fault likelihood.  
Figure 3 shows an example of the feedback given after an X-mark has been placed in a 
cell. The intent is to lead the user to the faulty cell. The optional dataflow arrows are 
colored to reflect testedness of specific relationships between cells and subexpressions.  
(The user can turn these arrows on/off at will.)   
The way these features are supported is via the Surprise-Explain-Reward strategy 
(Robertson et al., 2004; Ruthruff et al., 2004; Wilson et al., 2003).  If a user is surprised 
by or becomes curious about any of the feedback of the debugging features, such as cell 
border color or interior cell coloring, he or she can seek an explanation, available via 
tooltips (Figure 3).  The aim of the strategy is that, if the user follows up as advised in the 
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Figure 3. X-mark feature 
Gradebook spreadsheet: user notices an incorrect value in Course_Avg—the value 
is obviously too high—and places an X-mark in the cell. As a result of this X and the 
checkmark in MinMdtrm1Mdtrm2, eight cells are highlighted as being possible 
sources of the incorrect value, with some deemed more likely than others. 
 
 
 
explanation, rewards will ensue (Ruthruff et al., 2004).  Some of the potential rewards are  
functional—such as being led directly to a bug—and some are affective—such as 
increased progress in the progress bar.    
These features are likely to encourage participants’ intrinsic motivation. The 
underlying strategy of this environment, i.e., Surprise-Explain-Reward, is related to the 
curiosity element of an intrinsically motivating system. The percent testedness indicator 
gives participants performance feedback. The visual feedback is also provided via 
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changing color borders and interior coloring. These might help maintain participants’ 
sense of control over the tasks. Finally, the color borders to some extent provide a 
metaphor that helps linking the existing knowledge and new knowledge. In Western 
societies, the color red usually designates a negative, such as a dangerous action. The red 
border cell may suggest to the end users that the cell is in a dangerous state, i.e., untested 
and a possible source of errors in the spreadsheet.    
To investigate if these features actually promote participants’ intrinsic motivation, 
two versions of this environment were used in the study. The two versions, in general, 
look the same (Figure 2). However, one version is the environment equipped with the 
basic features as described above. The other one is different from the first version in that 
there are 4 choices for placing checkmarks and x-marks, instead of 2 choices (Figure 4), 
and more detailed explanations in the tooltips (Figure 5b). The first version will be 
referred to as the simple version while the second one as the enhanced version.  
                             
    (a)            (b) 
Figure 4. Number of choices for placing checkmarks and x-marks in simple and 
enhanced interface 
(a) In the simple interface, clicking on the decision box changes the question mark to 
either a checkmark or an x-mark (b) In the enhanced interface, clicking on the 
decision box turns it into the four choices. Each choice has a tooltip, starting with 
the left-most X these are “it’s wrong,” “seems wrong maybe,” “seems right maybe,” 
“it’s right.” 
 
 
 
The rationale behind the enhancements of the choices users can make and more 
detailed explanations is to support low self-efficacy users and provide an environment 
that supports learning (Beckwith et al., 2006). The implementation of the four choices  
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(a)           (b) 
Figure 5. Tooltips in simple and enhanced interface 
(a) the tooltip in the simple interface (b) the tooltip in the enhanced interface: from 
the non-expanded tooltip (the first line) a user can click on the Tips expander to get 
the rest of the tooltip – which remains on the screen until dismissed. 
 
 
 
is to encourage low self-efficacy users to take advantage of the features that will help 
them in their debugging task. Unlike the two-choice checkbox, the four-choice checkbox 
lets users place checkmarks or x-marks not only when they are confident about the 
correctness of the cell’s value but also when they are unsure about it (Figure 4b).  The 
four choices are, from left to right in Figure 4(b), “it’s wrong,” “seems wrong maybe,” 
“seems right maybe,” and “it’s right.” However, this enhancement leads to higher cost on 
users’ action, i.e., it requires users more clicks to place a checkmark or an x-mark than in 
the simple version. Users have to click on ‘?’ in the checkbox to bring up the four choices 
and then they can place a checkmark or an x-mark. On the contrary, it requires only one 
click to place a checkmark or an x-mark in the simple version (Beckwith et al., 2006).  
More detailed explanations are given in the enhanced version to support users 
who want more guidance than the explanation given in the simple version. Users can 
obtain more explanations by clicking on ‘Tips’. The tooltip will stay expanded until the 
users click on ‘Tips’ to dismiss it (Figure 5b). The expanded tooltip gives further 
information on why the object was in its current state and possible actions to take next. 
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Again, the expanded tooltip is a higher cost on users’ action. It requires more clicks and 
more reading (Beckwith et al., 2006).  
The enhanced interface was included in this study for two reasons. First, the 
enhanced interface has greater complexity and information than the simple one. It is 
worthwhile investigating the impact of the greater complexity and information on users’ 
intrinsic motivation. Second, using more than one interface helps ensure that the impact 
of system dependent and non-system dependent factors on users’ intrinsic motivation, if 
it exists, is not by chance. 
3.2.2 Tutorial 
 The objective of the tutorial is to teach participants features, which will help them 
perform their tasks in the Forms/3 with WYSIWYT environment. The tutorial introduces 
the following features to the participants: checkmarks, x-marks, percent testedness 
indicator, tooltips, arrows, and the meaning of colors used for feedback. However, it does 
not include any debugging or testing strategy instruction.  
The hands-on tutorial (Appendix A) explains the meanings of different color 
borders via tooltips, which pop up when participants hover their mouse over the cells’ 
color borders. The tutorial teaches the participants how to place a checkmark and 
interpret feedback resulting from the placed checkmark, i.e., color changes of some cell 
borders and changes in the progress of the percent testedness indicator. The tutorial also 
shows participants how to turn arrows on and off and the meaning of arrows with 
different colors, which are explained via tooltips. Participants are also shown how to 
place an x-mark, but the tutorial does not teach explicitly feedback given when an x-mark 
is placed. Instead, participants are simply shown that it is possible to place x-marks. They 
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are given time to explore any aspect of the feedback that they find interesting, e.g., cells’ 
interior coloring that is shown in a yellow-orange continuum. The tutorial also teaches 
mechanics of opening, editing, and closing formulas. 
3.2.3 Tasks 
The study consisted of two spreadsheets, Gradebook (Figure 2) and Payroll 
(Figure 6). To make the spreadsheets representative of real end-user spreadsheets, 
Gradebook was derived from an Excel spreadsheet of an (end-user) instructor, which was 
ported into an equivalent Forms/3 spreadsheet.  Payroll was designed by two Forms/3 
researchers using a payroll description from a real company. The Gradebook spreadsheet 
computes the course grade of students by taking into account students’ quiz and exam 
scores. The Payroll spreadsheet computes employees’ net pay. Since calculating 
employees’ net pay involves many more items, Payroll is considerably more complex 
than Gradebook. Payroll consists of many more cells, more formulas, and more 
relationships between cells via the formula references. Overall, Payroll is a less intuitive 
problem than Gradebook. 
These spreadsheets were each seeded with five faults created by real end users. 
From the collection of faults left in these end users’ final spreadsheets, we chose five that 
provided coverage of the categories in Panko’s classification system (Panko, 1998), 
based upon Allwood’s classification system (Allwood, 1984). According to Panko’s 
system, there are three types of faults: mechanical faults, logical faults, and omission 
faults. Mechanical faults, the easiest to detect and correct, are simple typographical errors 
or wrong cell references. Logical faults are mistakes in reasoning. They are more difficult 
to identify and correct than mechanical faults. The most difficult fault to detect is an 
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omission fault. Omission faults are mistakes in never having entered information into a 
cell formula (Panko, 1998). Gradebook was seeded with three of the users’ mechanical 
faults, one logical fault, and one omission fault. Payroll was seeded with two mechanical 
faults, two logical faults, and one omission fault.  
 
 
 
 
 
Figure 6. The Payroll spreadsheet 
 
 
 
The participants were provided the Gradebook and Payroll spreadsheets and 
descriptions of the spreadsheets. Each description has two parts: a verbal description of 
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how the spreadsheet should work and two correct examples of the spreadsheets 
(Appendix B). The verbal description provides information about the spreadsheet 
problem that will help participants understand what the cells and formulas are, and 
relationships among cells of the spreadsheets. The correct example values can also be 
used to help participants make sure that the spreadsheets work correctly, i.e., they can 
plug in the example value, see what changes occur in the spreadsheet, and verify if these 
changes are correct according to the correct example.  
The experiment used two spreadsheets in order to ensure that the study's results 
are not influenced by particular characteristics of one spreadsheet. The order of tasks was 
also counterbalanced. The study focuses on examining the impact of users' individual 
characteristics, i.e. self-efficacy and cognitive playfulness, user perceptions towards the 
application, i.e. perceived ease of use and usefulness, gender, and software interface on 
users' intrinsic motivation and performance. The impact of different tasks on end users' 
motivation and performance, thus, is not examined in this study. 
3.3 Procedure 
3.3.1 Instruments 
Self-reported background questionnaires (Appendix C) were used to collect 
demographic information about gender, age, major or educational background, year or 
degree completed, cumulative GPA, programming experience, and spreadsheet 
experience. Participants were asked to report whether they have done programming in 
high school, college, at work or in their leisure time. They also were asked if they have 
worked with formulas in spreadsheets for a high school course, a college course, 
professional use, and personal use.  
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Cognitive playfulness was measured by a validated instrument developed by 
Webster and Martocchio (1992). Based on Lieberman’s Adult Cognitive Spontaneity 
Scale (Webster, 1989), Webster and Martocchio (1992) developed a scale to measure 
cognitive playfulness with computers. The questionnaire is composed of 22 adjectives, 
such as spontaneous, unimaginative, experimenting, etc (Appendix D). The internal 
consistency reliability of this instrument, reportedly, ranged from .86 to .90 (Webster & 
Martocchio, 1992). Participants were asked to rate how well each adjective represented 
themselves in general on a scale of 1 (strongly disagree) to 7 (strongly agree).   
Self-efficacy, according to Bandura (1977), is defined as a person’s perceived 
ability to be successful on a particular task. In this study, the questionnaire used to 
measure participants’ level of self-efficacy was taken from Beckwith et al.’s study 
(2005), which was adapted from a validated measurement developed by Compeau and 
Higgins (1995). The modification of Beckwith et al. (2005) made the questions specific 
to the spreadsheet context, for example, “I could find and fix errors… if there was no one 
around to tell me what to do as I go,” “…if I had seen someone else using it before trying 
it myself,” and “…if I had a lot of time to complete the task.” Participants were asked to 
answer on a five-point Likert scale (strongly disagree to strongly agree) their level of 
agreement with the statements. Beckwith et al.’s study (2005) reported Cronbach alpha 
reliability of .879 for this instrument. Please see the appendix E for the self-efficacy 
questionnaire.  
Perceived ease of use (PEU) and perceived usefulness (PU) regard users’ 
perception of the system, whether the system is easy to use and useful to them (Davis et 
al., 1989). In this study, the questionnaires measuring PEU and PU were adapted from 
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Davis et al. (1989) to make it specific to the spreadsheet context (Appendix F). Each 
questionnaire is composed of four statements, asking users to rate their opinion on these 
statements on a scale of 1 (strongly agree) to 7 (strongly disagree), for instance, 
“Learning to operate the spreadsheet system would be easy for me,” “I would find the 
spreadsheet system easy to use,” “Using the spreadsheet system would improve my 
performance in finding and fixing errors in spreadsheets,” and “I would find the 
spreadsheet system useful for finding and fixing errors in spreadsheets.” Davis et al. 
(1989) reported Cronbach alpha reliability of .95 and .92 for PU scale and .91 and .90 for 
PEU scale.  
One approach to measure if participants were intrinsically motivated when 
working on the tasks was to see the extent to which participants were engaged in the task, 
operationalized as the flow construct (Csikszentmihalyi, 1975). The questionnaire 
measuring if users were in the flow state was taken from a validated questionnaire of 
Webster (1989). The questionnaire was modified to be specific to the spreadsheet context 
(Appendix G). It consists of statements about possible experiences while using the 
spreadsheet system. Examples of statements are “I was very aware of my surroundings”, 
“Time seemed to pass more quickly”, “I clearly knew the right thing to do”, and “I felt 
that I received a lot of feedback.” Participants were asked to indicate how frequently they 
felt the experiences described in each statement on a scale of 1 (never) to 5 (always).  
 Questions asking whether each feature helped the participants make progress 
were also used (Appendix H). Further, a comprehension questionnaire (Appendix I) were 
used to assess participants’ comprehension of features in the environment. Task 
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performance was evaluated by several measures: number of bugs fixed, number of bugs 
introduced, final percent testedness of the spreadsheet, and frequency of each feature use.  
3.3.2 Experimental Procedure 
Participants came to a specified computer lab to conduct the study. Each session 
of the study included 4-6 students, dependent on participants’ availability. Collaboration 
among participants was not permitted. The total time for each session was approximately 
two hours. Each session included a hands-on tutorial of the environment, two spreadsheet 
tasks, and several questionnaires. At the end of each session, participants received 
compensation for their participation in one form or another dependent on the availability 
of funding.  
When participants arrived at the computer lab, they were each seated at a 
computer. Then, the study began with obtaining participants’ informed consent to take 
part in the study. Next, participants completed the background questionnaire, the self-
efficacy questionnaire, and the cognitive playfulness questionnaire. 
Before participants were given the spreadsheet tasks, they were given a hands-on 
tutorial of Forms/3. The tutorial took approximately 30 minutes. A tutorial script was 
created to ensure that an experimenter would provide consistent information to every 
participant. The experimenter read the tutorial script to the participants. The 
experimenter’s computer screen was projected to the projector screen in order to illustrate 
the actions. Each participant was also given a copy of the tutorial script so that they could 
follow along with the experimenter. The participants were instructed to pay their 
attention to their computer screen and perform actions on their own machine as the 
experimenter described. They worked with PurchaseBudget (Appendix B), an example 
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spreadsheet problem about budgeting office supplies, during the tutorial. They were also 
given a few minutes to test and explore the rest of the PurchaseBudget spreadsheet at the 
end of the tutorial. Participants were encouraged to ask questions during the tutorial.  
Participants then began the task. The order of the two tasks was counterbalanced. 
Approximately half of participants started with Gradebook and half started with Payroll. 
Participants had 22 minutes to work on Gradebook and 35 minutes to work on Payroll. 
Time limits are imposed on the tasks because they simulate time constraints on 
computing tasks in the real world (external validity) and minimize confounds in the study 
as participants will have the same amount of time to work on the tasks (internal validity). 
Payroll was designed to be more difficult task than Gradebook owing to its larger size, 
greater length of dataflow chains, intertwined dataflow relationships, and more difficult 
faults. Therefore, time limits were different for Payroll and Gradebook. 
The experimenter monitored participants’ actions while they performed the tasks. 
The participants were instructed “test the spreadsheet and if you find any errors, fix 
them.” 
 After the first task, four questionnaires were administered: the PEU, PU, Intensity 
of Flow, and the same self-efficacy instrument administered in the initial background 
questionnaire. After the second task, PEU, PU, and Intensity of Flow questionnaire were 
administered again, and the comprehension questionnaire was administered. Participants 
were asked an open-ended question to describe what helped them to stay focused on the 
task or kept them from focusing on the task at the end of the study session. 
Participants’ interaction with the spreadsheet system and tasks was recorded on 
electronic transcripts. The transcripts can be replayed and reviewed to see participants’ 
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behavior and feature usage, e.g., edited formulas, number of placed checkmarks, cells 
that checkmarks were placed on, number of placed x-marks, number of times arrows 
were turned on and off, etc.  
3.3.3 Data Analysis 
3.3.3.1 Quantitative Data Analysis 
Due to the pre-existing difference in the pre-self-efficacy among participants in 
the different experimental conditions, analysis of covariance (ANCOVA) was used to 
investigate various effects as outlined below.  
• Investigate the effect of interface on users’ intrinsic motivation and 
performance 
• Investigate the effect of gender on users’ intrinsic motivation and 
performance 
• Investigate the interaction effect of gender and interface on users’ intrinsic 
motivation and performance 
More details regarding ANCOVA are explained in the chapter of results (Chapter 
4). Pearson correlation and multiple regression analysis were used to investigate the 
relationships between intrinsic motivation, performance and the factors measured in the 
study, i.e., gender, cognitive playfulness, self-efficacy, perceived ease of use, and 
perceived usefulness.  
3.3.3.2 Qualitative Data Analysis 
A qualitative data analysis was also performed to better understand factors 
influencing the flow state while participants were working on the tasks. The qualitative 
data were answers to an open-ended question asking whether the participants were able to 
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stay focused on the tasks and what helped or not helped them to stay focused. A coding 
scheme was developed and applied to the data.  
 Several steps were taken to develop the coding scheme. The first step was to 
extract keywords or phrases, i.e., specific items mentioned in the questionnaire, from the 
original answers in order to ensure that the coding scheme well represented the data 
collected. Next, with guidance from a coding scheme used in previous Forms/3-related 
research (Grigoreanu et al., 2008), literature on the Technology Acceptance Model 
(Davis et al., 1989) and literature on flow-inducing elements (Csikszentmihalyi, 1975), 
these keywords were categorized and grouped into high-level keywords, which 
comprised the codes of the coding scheme. An initial coding scheme consisted of 49 
codes.  
To ensure consistency of the code application, three rounds of training were 
carried out. The unit of coding was a meaningful statement, either as a phrase, a sentence 
or a group of sentences. The two coders were the author and another researcher who also 
attended the College of Information Science & Technology at Drexel University and 
conducted research in the area of human-computer interaction. For each round, the two 
coders independently applied codes to a subset of the pilot data followed by a discussion 
over rules of code application, codes’ definitions and examples. As a result, two general 
rules to apply the coding scheme were developed and agreed upon by the two coders: 1) 
no codes are assigned to answers describing participants’ wishes to perform a particular 
action and 2) a statement can be coded with several codes if they are applicable to that 
statement. The coding scheme was also revised after each round, i.e., removal of 
ambiguous initial codes, addition of new codes, revision of codes’ definitions and 
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examples. In an attempt to take into account every possible element affecting 
participants’ intrinsic motivation, the final coding scheme encompasses 51 codes, as 
listed in Table 1. Since each code represents an element that may or may not facilitate 
intrinsic motivation, three different symbols, a minus sign (-), a plus sign (+), and a circle 
(o) were added at the end of each code to signify whether it negatively, positively, or 
neutrally affected intrinsic motivation, respectively. After the coding scheme was 
finalized, two coders independently applied the codes to all of the actual data. An inter-
rater reliability between the two coders was 0.83, using Cohen’s Kappa. 
Table 1 shows all codes, categorized into 11 groups, and each code’s detailed 
definition and examples. The 11 code groups are briefly described below. 
Codes related to the experiment: The code group includes six codes either related 
to the way the experiment was conducted or handouts given to participants during the 
experiment. Accordingly, these six codes are further divided into two subgroups: 
experiment setup and handouts. The ‘experiment setup’ subgroup consists of codes 
‘environment condition,’ ‘time constraint,’ and ‘tutorial.’ The ‘handouts’ subgroup is 
composed of codes ‘reference sheet,’ ‘task description,’ and ‘task example.’   
Codes related to explanation: Two codes are included in this code group: ‘overall 
explanation’ and ‘tooltips.’  These two codes concern issues regarding available 
information explaining the features and functionality of the spreadsheet software. 
Codes related to feedback: Five different codes in this code group are further 
classified into two subgroups namely ‘software-generated feedback’ and ‘user-perceived 
feedback.’ The ‘software-generated feedback’ consists of codes ‘border colors,’ ‘colors,’ 
‘interior coloring,’ and ‘percent testedness bar.’ These codes represent changes in colors 
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of cell borders or cell interiors and changes in the bar exhibiting the progress of 
spreadsheet testing as caused by any placement of checkmarks or x-marks. The ‘user-
perceived feedback’ includes a code ‘feedback,’ which is in regard to performance 
feedback participants perceived that they have received from the software features.     
Codes related to information: There are two codes included in this code group: 
‘feature misunderstanding’ and ‘information load.’ The code ‘feature misunderstanding’ 
is about participants’ misinterpretation of how a software feature was supposed to work. 
The code ‘information load’ concerns with a large amount of new information related to 
the spreadsheet software and features that participants needed to learn during the study.  
Codes related to user perception: The eight codes included in this code group (see 
Table 1) are related to various perceptions of participants towards the tasks, software 
features, and spreadsheet software such as challenging, interesting, fun, easy to use, 
useful and confusing.  
Codes related to tasks: The code group is composed of 15 different codes as 
shown in Table 1. These codes represent various aspects regarding the tasks, i.e. task 
difficulty, nature of the task, strategy to complete the tasks, several elements comprising 
the tasks such as formulas and spreadsheet setup, and task comprehension.   
Codes related to software features: The code group encompasses the codes 
concerning features equipped with the spreadsheet software. These codes are ‘arrow,’ 
‘checkmark,’ ‘x-mark,’ ‘form arrow,’ ‘overall feature,’ and ‘feature/sw element 
implementation.’  
Codes related to spreadsheet software experience:  The code group contains three 
codes: ‘previous spreadsheet experience,’ ‘practice,’ and ‘unfamiliarity with Forms/3.’ 
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The code ‘previous spreadsheet experience’ is related to any statement mentioning 
participants’ experience with other spreadsheet software before they came to the study. 
The Microsoft Excel was the most frequently mentioned spreadsheet software that the 
participants have previously used; therefore this code is also labeled under the subgroup 
‘Excel experience.’ The codes ‘practice’ and ‘unfamiliarity with Forms/3’ are classified 
into another subgroup called ‘Forms/3 experience’ since these two codes are related to 
any statement indicating participants’ experience of using the study’s spreadsheet 
software. 
A code related to spreadsheet software: The code group consists of a code called 
‘overall spreadsheet software.’ This code is applied to any statement generally 
commenting on the study’s end-user debugging software. 
A code related to achieving task goals: The code group also contains only a code 
‘goal achievement.’ This code is assigned to statements explaining that participants were 
able to keep focused because they wanted to complete the task or achieve 100% tested. It 
suggests that participants set a goal in their mind and were motivated to work on the task 
until they reached their goal. 
Codes unrelated to tasks, experiments, and end-user debugging software: The 
code group, including ‘others’ and ‘tiredness’, is self-explanatory. The two codes deal 
with any other issues that do not link to the tasks, experiments, and end-user debugging 
software.  
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Table 1. List of Codes included in the Coding Scheme 
 
I. Codes related to the experiment 
a. codes related to experiment setup 
Code Definition Examples 
Environment condition A statement about 
environment condition of the 
experiment. 
It was also quiet in the 
room. 
Time constraint A statement about working on 
tasks within a time limit. 
I did stay focused during the 
task mainly because I had 
so little time... 
Tutorial A statement mentions about 
the tutorial given before 
participants started working 
on tasks 
The tutorial given to us 
before commencing the 
tasks was a big help. 
b. codes related to handouts 
Code Definition Examples 
Reference sheet A statement mentions about a 
handout providing a summary 
of key features available in the 
spreadsheet software 
Yes, the summary tutorial 
spreadsheet (Note: she 
meant the reference sheet) 
with explanations helped 
me to solve and test more 
boxes that were not been 
tested yet. 
Task description A statement mentions about a 
handout providing task 
description 
Some of the verbiage on the 
papers to study from was 
very confusing. 
Task example A statement mentions about a 
handout providing task 
examples 
The handout with the 
examples was of no use at 
all. 
 
II. Codes related to explanation 
Code Definition Examples 
Overall explanation A statement generally 
mentions about explanations, 
provided on the software, for 
the spreadsheet software itself 
and features, i.e. no specifics 
were indicated. 
I was distracted for a little bit 
during the task because I felt 
the system and features could 
have been better explained, 
than what this system uses. 
Tooltips A statement mentions about 
tooltips 
1) Help keep focused: on-
screen directions (Note: 
tooltips telling % of 
testedness) 2) The 
tooltips...helped a lot… 
 
41 
 
 
III. Codes related to feedback 
a. codes related to software-generated feedback 
Code Definition Examples 
Color border A statement mentions about 
color border of cells 
The blue-purple and the red-
purple combinations were 
slightly confusing -> too 
many colors and they were 
too similar in value (esp. if I 
were color blind, it would be 
difficult to differ). 
Colors A statement mentions about 
the use of colors in the 
spreadsheet software, i.e. no 
particular color features, such 
as color borders and/or 
interior coloring, were 
indicated. 
1) The color graphics…made 
the program very useful. 2) 
Did not help keep focused: 
different colors -> difficult to 
understand and remember 
Interior coloring  A statement mentions about 
color shading inside of cells 
Yes, the red, yellow, and 
orange marks (Note: yellow 
and orange when x-mark was 
placed) on the screen drew 
my attention. 
Percent testedness bar 
(aka progress bar) 
A statement mentions about a 
percent testedness bar 
showing how much the whole 
spreadsheet was tested in 
percentage 
...the progress bar helped a 
lot… 
b. codes related to user-perceived feedback 
Code Definition Examples 
Feedback A statement mentions about 
performance feedback 
participants received from 
features, spreadsheet software 
or tasks 
The blue cell borders and the 
checkmarks made it easy to 
track my progress, which 
kept me focused. 
 
IV. Codes related to information 
Code Definition Examples 
Feature misunderstanding A statement indicates that 
participants misunderstood 
how the spreadsheet software 
or features were supposed to 
work 
It was only hard because 
after you checked it you 
received no answer from 
the system about the 
correctness. This was 
good to use and keeps the 
user involved instead of 
just entering numbers but 
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the system should do some 
testing as well or else the 
user feel confused about 
whether or not the 
spreadsheet is correct. 
Information load A statement mentions about a 
large amount of information 
to be learned during the 
experiment 
There was a lot of 
information presented up 
front that kept my 
attention plenty focused 
on the task at hand 
 
V. Codes related to user perception 
Code Definition Examples 
Challenge A statement indicates that a 
participant perceived tasks to 
be challenging. 
I think what helped me stay 
focused was the challenge 
to find any errors. 
Control A statement indicates that a 
participant perceived that 
he/she had a control over 
spreadsheet software, features, 
and/or tasks. 
1) I have a strong internal 
locus of control.   2) I was 
more focused when I...had 
more control of what I was 
doing. 3) When I felt like I 
was getting somewhere 
with the task, I felt more 
focused. 
Curiosity A statement mentions about 
curiosity while working on 
tasks 
Factors that helped me stay 
focused: Curiosity about the 
new program and its 
features 
Fun A statement indicates that 
participants had fun and/or 
enjoyed using the spreadsheet 
software 
1) The system seemed to be 
like a game which made it 
kind of fun to mess around 
with… 2) I...enjoyed using 
this program. 
Interest A statement indicates that 
participants found the 
spreadsheet software, features, 
tasks, and/or experiment 
interesting 
It is both the system and 
features, which amazed me 
and helped me to stay 
focused. 
Ease of use  A statement indicates that a 
participant perceived the 
spreadsheet software and/or 
features to be easy to use. 
The spreadsheets were user 
friendly and direct to the 
point. 
Usefulness A statement indicates that a 
participant perceived the 
spreadsheet software and/or 
features to be useful/helpful. 
1) Kept reminding myself 
how useful the color-coding 
around formula cells would 
have been in my previous 
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jobs 2) I found the program 
helpful 
Confusion A statement indicates that a 
participant had trouble 
understanding the spreadsheet 
software, features, or tasks 
and/or had trouble figuring out 
how to approach tasks. 
Yes, I felt that...the initial 
confusion I had regarding 
the system, it required my 
full attention… 
 
VI. Codes related to tasks 
Code Definition Examples 
Complicated task A statement indicates tasks 
were complicated. 
Payroll had too many boxes 
and formulas to keep track 
of. 
Difficult task A statement indicates tasks 
were difficult 
...the first salary problem 
was hard to follow, so I 
was more likely to stray 
from the task. 
Easy task A statement indicates tasks 
were easy 
1) ...everything was too 
easy 2) The second test was 
much easier in general (the 
formulas and staying 
focused). 
Familiar task A statement indicates tasks 
were easy because 
participants had previous 
experience with the subject 
matter of the tasks. 
I stayed focus on the 
second example more 
because I often use 
spreadsheets to calculate 
my grade. 
Unfamiliar task A statement indicates tasks 
were difficult because 
participants did not have 
previous experience with the 
subject matter of the tasks. 
No because the first 
example I didn't relate to... 
Existing formula A statement mentions that 
formulas were already 
provided for each formula cell 
1) ...the formulas were 
already programmed to 
relieve much frustration. 2) 
I think because the inputs 
(Note: he/she meant 
formulas) were already 
there it was difficult in 
finding mistakes. 
Formula composition A statement mentions 
specifically about format, 
language, etc. used to express 
formulas 
1) Also, writing the 
formulas were very simple. 
2) ...I liked how you can 
use plain language (e.g. 
'single', 'if', 'then')… 
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Formula syntax A statement related to an 
activity of generating formula 
syntax to produce correct 
formulas   
I seemed to have lost focus 
when I did not understand 
what kind of equation I 
needed then. 
Overall spreadsheet/task A statement mentions about 
spreadsheets and/or tasks in 
general, i.e. no specifics 
indicated. 
1) ...spreadsheet kept my 
attention 2) I don't think the 
spreadsheet system kept me 
focused as much as the task 
itself. 
Problem solving A statement mentions that 
working on the tasks was 
similar to solving a 
problem/puzzle 
It was like a puzzle I was 
trying to solve so I wanted 
to stay focused on figuring 
it out 
Spreadsheet testing A statement related to the 
overall idea of testing the 
spreadsheets 
1) ...the verification was 
enough to keep my 
attention to the work. 2) 
The level of testing done 
also creates a hierarchy to 
work through and helps 
focus your attention. 
Strategy A statement mentions about a 
strategy participants used to 
test spreadsheets 
I tried to concentrate on 
one cell at a time, testing 
for errors individually. 
Task comprehension A statement related to 
participants' understanding of 
what the tasks were about 
On the second spreadsheet 
I didn't stay focused for the 
sole reason that I had no 
idea what I was doing so I 
lost interest and became 
discouraged. 
Task elements A statement mentions about 
elements of tasks, e.g., 
number of errors, 
interconnected relationships 
of cells, etc. 
1) When first starting into 
an example the number of 
errors made it difficult to 
know where to begin. 2) 
The interconnected web 
could make it hard to 
logically follow a thread 
linearly through the 
spreadsheet. 
Spreadsheet setup A statement related to setup of 
spreadsheets, i.e. the way cells 
were arranged in a particular 
spreadsheet, and/or 
spreadsheet interface in 
general 
It also took me a couple of 
trial and errors to figure out 
how the (Payroll) 
spreadsheet was set up 
because I didn't create it. 
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VII. Codes related to software features  
Code Definition Examples 
Arrow A statement mentions about 
arrows showing 
relationships/connections between 
cells 
1) The arrows showed 
me which cells were 
related to each other 2) 
The arrows were 
probably the most 
distracting of all. I 
highly suggest getting 
rid of them. They make 
no sense, clutter the 
screen, and occupy and 
confuse the user. 
Checkmark A statement mentions about 
checkmarks 
...the checkmarks made 
it easy to track my 
progress, which kept me 
focused. 
Feature/sw element 
implementation 
A statement mentions about the 
way features/software elements 
were implemented in the 
spreadsheet software 
1) I would have found 
tracing errors easier if 
the arrows had pointed 
more directly at the cells 
they were tracing. 2) I 
enjoyed this spreadsheet 
system compared to 
excel because I can 
leave the equation box 
open and go to another 
cell at the same time. 
Form arrow A statement mentions about an 
arrow used to open formula boxes 
...just a little annoying 
to hit the arrow button 
(to open formula box) 
all the time. 
Overall feature A statement mentions about 
features in general, i.e. no 
particular feature was indicated. 
The system's features 
are good overall 
X-mark A statement mentions about x-
marks 
The X's were really not 
that helpful since I feel 
as though I didn't use 
them properly. 
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VIII. Codes related to spreadsheet software experience 
a. codes related to Excel experience 
Code Definition Examples 
Previous spreadsheet 
experience 
A statement indicates that 
participants had worked with 
spreadsheets or other 
spreadsheet software before,  
e. g.  Excel 
1) I have used Excel for as 
long as I can remember, so 
I don't need to think that 
much about it 2) I have 
used spreadsheets before... 
b. codes related to Forms/3 experience 
Code Definition Examples 
Practice A statement indicates that 
participants understood the 
spreadsheet software, features, 
and/or tasks better as time 
went by 
I … could understand the 
features better the second 
time after the first example 
because I have gotten 
familiar with the program. 
Unfamiliarity with 
Forms/3 
A statement indicates that 
participants were not familiar 
with the new spreadsheet 
software, and/or were learning 
how to use it. 
1) Did not help keep 
focused:  unfamiliarity with 
the system 2) the fact that 
as a new system, you don't 
want to miss anything by 
being distracted 3) 
Basically, the time it takes 
to get acquainted to the 
program is what kept me 
busy initially 
 
IX. Code related to spreadsheet software 
Code Definition Examples 
Overall spreadsheet 
software 
A statement mentions about 
spreadsheet software in 
general, i.e. no specifics 
indicated. 
The spreadsheet system… 
allowed me to stay focused 
because I was able to 
quickly and easily view and 
edit formulas. 
 
X. Code related to achieving task goals 
Code Definition Examples 
Goal achievement A statement related to 
motivation to achieve a goal, 
e.g., to complete tasks, to 
achieve 100% tested, to fix 
errors, etc. 
Yes, I focused on the task 
because I wanted to get 
everything done correctly. 
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XI. Codes unrelated to tasks, experiment, and end-user debugging software 
Code Definition Examples 
Others A statement mentions about 
other reasons unrelated to the 
spreadsheet software, features, 
tasks, and/or experiment. 
The beeping sound when I 
would press backspace too 
many times was very 
distracting. 
Tiredness A statement indicates that a 
participant was tired. 
It is a Friday night and I 
was trying to go back home. 
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CHAPTER 4: RESULTS 
This chapter reports the main findings of the study and describes the procedures 
taken to assess the reliability of the questionnaires and the quality of the collected data. 
The results include the effects of gender and end-user debugging software on the 
intensity of flow and performance outcomes, the relationship between the investigated 
factors, the intensity of flow and performance outcomes, and the qualitative analysis of 
the open-ended question. 
To recapitulate, the following are the research questions investigated in the study. 
RQ1: Do the simple and enhanced version of the end-user debugging software 
affect users’ intrinsic motivation and performance differently? If so, how? 
RQ2: Does gender affect users’ intrinsic motivation and performance differently? 
If so, how? 
RQ3: Is there an interaction effect between gender and the two versions of the 
end-user debugging software on users’ intrinsic motivation and performance? If so, how? 
RQ4: Do computer self-efficacy, cognitive playfulness, perceived ease of use, and 
perceived usefulness relate to users’ intrinsic motivation and performance? If so, how do 
these factors interact in affecting intrinsic motivation and performance in end-user 
debugging? 
4.1 Reliability Analysis 
Although the questionnaires used in the study were obtained and adapted from 
other previous research, it is a standard practice to re-evaluate these questionnaires’ 
reliability with the current data in order to ensure the quality of the data. To confirm the 
internal consistency, Cronbach’s alpha was used as a reliability measure. Methodologists 
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and investigators have different opinions on an acceptable value of Cronbach’s alpha. 
Nunnally (1978) suggested that .70 is a lower acceptable bound for alpha. DeVellis 
(2003, p. 95-96) offered his own interpretation of ranges of alpha values when 
developing a scale: below .60 – unacceptable; between .60 and .65 – undesirable; 
between .65 and .70 – minimally acceptable; between .70 and .80 – respectable; between 
.80 and .90 – very good; much above .90 – scale shortening should be considered.  
Table 2 lists Cronbach’s alphas computed for each questionnaire and for each 
time they were administered. The Cronbach’s alphas for the questionnaires are listed in 
the column called Initial Alpha. The initial alphas of the Intensity of Flow questionnaire 
administered after the first and second task and the alpha of the Cognitive Playfulness 
were revealed to be lower than or near the lowest acceptable bound of alpha (0.70). 
Therefore, some items of these three questionnaires were removed, as described below, in 
order to improve the questionnaires’ alphas. The revised alphas are listed in italics under 
the column called Final Alpha. No improvement was made to the initial alphas that were 
well above 0.70. These high alphas were also included in the column Final Alpha. 
Table 2. Reliability analysis for questionnaires 
 
Questionnaire Time of Administration Initial Alpha 
Final 
Alpha 
Self-efficacy Before carrying out the task 0.79 0.79 
 After carrying out the first task 0.85 0.85 
Cognitive Playfulness Before carrying out the task 0.73 0.82 
Perceived Ease of Use After carrying out the first task 0.90 0.90 
 After carrying out the second task 0.95 0.95 
Perceived Usefulness After carrying out the first task 0.94 0.94 
 After carrying out the second task 0.97 0.97 
Intensity of Flow After carrying out the first task 0.69 0.75 
 After carrying out the second task 0.76 0.78 
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The questionnaires measuring self-efficacy, perceived ease of use (PEU), and 
perceived usefulness (PU) were highly reliable scales. The Cronbach’s alphas of these 
questionnaires were well above the alpha’s lowest acceptable bound of 0.70, as shown in 
Table 2. These questionnaires have been used in several prior research studies involving 
technology and gender: self-efficacy questionnaire (Beckwith et al., 2005; Hartzel, 2003) 
and PEU and PU questionnaires (Gefen & Straub, 1997).  
The alpha for the Intensity of Flow questionnaire administered after participants 
completed the first task was 0.69. Because 0.70 is considered the lowest acceptable value 
of alpha, the Intensity of Flow scale was examined to see whether its alpha could be 
improved. The Intensity of Flow questionnaire consists of 11 statements in which 
participants evaluated whether they experienced a feeling of flow while they performed 
the task, for example, “I had to make an effort to keep my mind on the activity,” “I 
clearly knew the right thing to do,” and “I felt in control of myself.” The participants 
rated the statements on a scale of 1 (Never) to 5 (Always). Items with item-total 
correlation lower than the average inter-item correlation were dropped from the scale in 
order to improve the alpha value. Initially, the average inter-item correlation of the 
original 11 statements of the Intensity of Flow scale was 0.174. Statement 1 (“I was very 
aware of my surroundings”) and statement 6 (“Time seemed to pass more quickly”) were 
removed from the original scale because their item-total correlations were smaller than 
the average inter-item correlation: statement 1 (0.007) and statement 6 (0.11). DeVellis 
(2003) suggested that dropping an item with an item-total correlation sufficiently lower 
than the average inter-item correlation will raise the alpha. This procedure was carried 
out in several iterations until no questionnaire item had an item-total correlation lower 
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than the average inter-item correlation of the scale. As a result, three statements, i.e., 
statement 1, 6, and 10 (“I felt self-conscious”) were dropped from the Intensity of Flow 
questionnaire administered after the first task, rendering an alpha of 0.75. The removal of 
statement 1 and 10 is consistent with Davis & Wiedenbeck (2001) as these two 
statements were also dropped from their data analysis. The same procedure was also 
performed on the data obtained from the Intensity of Flow questionnaire given to 
participants after they finished the second task. To keep it consistent, the same three 
statements were dropped as well, yielding an alpha of 0.78.   
The alpha of the Cognitive Playfulness questionnaire was initially 0.73 which is a 
little better than the acceptable lower bound of alpha. Therefore, the Cognitive 
Playfulness questionnaire was examined with the same approach aforementioned. The 
original Cognitive Playfulness questionnaire was composed of 22 adjectives portraying 
cognitively playful or non-playful characteristics, for instance, “experimenting,” 
“creative,” “unimaginative,” and “routine.” The procedure was conducted in three 
iterations dropping four questionnaire items, raising the alpha to 0.82. The four dropped 
questionnaire items were Conscientious, Serious, Mechanical, and Erratic.  
4.2 Background Data 
 Ninety-eight participants took part in the study. There were fifty-two males and 
forty-six females. Half of the males and females participated in the simple interface group 
and the other half worked in the enhanced interface group (Table 3). These numbers are 
used in all of the data analysis unless indicated otherwise. 
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Table 3. Number of participants taking part in the study 
 
 Males Females 
Simple  26 23 
Enhanced  26 23 
 
Background data checking was performed before carrying out the main data 
analysis of the study. It was necessary to perform this step to ensure that participants had 
similar backgrounds before commencing the study. Background data collected were 
demographic information (gender and age), educational background (major, year or 
degree completed, and GPA), previous programming experience, and previous 
spreadsheet experience.  
 The background data questionnaire, administered before the study, asked 
participants to choose an age group that applied to them: <20, 20-29, 30-39, 40-49, 50-
59, and 60+. Cross tabulations of age group and gender and of age group and interface 
are shown in Table 4 and 5, respectively.  
 
Table 4. Cross tabulation of age group and gender 
 
  Age group  
 < 20 20-29 30-39 
Male 8 44 0 
Female 9 36 1 
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Table 5. Cross tabulation of age group and interface 
 
  Age group  
 < 20 20-29 30-39 
Simple 7 41 1 
Enhanced 10 39 0 
 
Chi-square test seemed an appropriate technique to test whether any difference in 
age between gender (male and female) and interface (simple and enhanced) existed. One 
of the assumptions for the Chi-square test is that the lowest expected frequency in any 
cell should be at least 5, or, a less stringent assumption, at least 80% of cells should have 
expected frequencies of 5 or greater (Pallant, 2001). Since the expected frequencies of 
age group 30-39 did not meet both criteria, the entire age group 30-39 was dropped from 
the analysis, yielding a 2 by 2 table to be tested by a Chi-square test. For a 2 by 2 table, it 
is suggested that the lowest expected frequency in any cell should be 10 or more. If a 2 
by 2 table violates this assumption, researchers are advised to use Fisher’s Exact Test 
instead (Pallant, 2001). Our data did not follow this assumption; therefore, results from 
Fisher’s Exact Test are reported. Fisher’s Exact Test found no differences in age between 
gender (p <.60) or interface (p <.60).    
Information about the academic year participants had completed was also 
collected. Almost all of the participants were at an undergraduate level except for one 
participant who was a graduate student. Cross tabulations of academic year completed 
and gender and of academic year completed and interface are shown in Table 6 and 7, 
respectively.  
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Table 6. Cross tabulation of academic year completed and gender 
 
   Year     
Gender Freshman Sophomore Pre-Junior Junior Senior Grad 
Male 5 9 12 10 16 0 
Female 8 7 7 12 11 1 
 
 
 
Table 7. Cross tabulation of academic year completed and interface 
 
   Year     
Interface Freshman Sophomore Pre-Junior Junior Senior Grad 
Simple 6 10 6 9 18 0 
Enhanced 7 6 13 13 9 1 
 
The Chi-square test was used to determine whether there was any difference in 
academic level between gender and interface. Although the expected frequencies of cells 
under the ‘Grad’ level were below 5, our data still met the assumption that at least 80% of 
cells should have expected frequencies of 5 or greater. Results showed that males and 
females [χ2 (5, N = 98) = 4.01, p <.55] and the two interfaces [χ2 (5, N = 98) = 8.38, p 
<.14)] were not significantly different with respect to the academic level.  
Differences in programming experience and spreadsheet experience were tested 
using the Mann-Whitney U. Results showed that males/females and simple/enhanced 
interface were not significantly different in programming experience and spreadsheet 
experience (see Table 8). In addition, a 2 (gender) by 2 (interface) ANOVA was 
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performed to determine whether a difference in GPA existed between gender, interface, 
and gender by interface. Five participants did not give their GPAs; thus total N is equal to 
93 for this analysis. No difference in GPA was found between gender, interface, or 
gender by interface (see Table 9).  
 
Table 8. Statistical results for programming and spreadsheet experience 
 
 Gender Interface 
Programming 
Experience 
Mann-Whitney U=1122, p <.58 Mann-Whitney U=1039.5, p <.23 
Spreadsheet 
Experience 
Mann-Whitney U=938, p <.06 Mann-Whitney U=1131, p <.61 
 
 
 
Table 9. Results of ANOVA for GPA 
 
 GPA 
Gender F(1,89) = 1.85, p <.18 
Interface F(1,89) = .02, p <.88 
Gender x Interface F(1,89) = .43, p <.51 
 
 
Two individual characteristics measured before participants began the tasks, self-
efficacy and cognitive playfulness, were also checked to see if participants came into the 
study with the same or different level of self-efficacy and cognitive playfulness. Note that 
both self-efficacy and cognitive playfulness were measured even before the tutorial 
started. This self-efficacy will later be referred to as ‘pre-self-efficacy’ for the rest of the 
chapter.  
Two (gender) by two (interface) ANOVAs were used for this purpose. The test 
revealed a significant interaction effect between gender and interface on pre-self-efficacy. 
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Males in the simple interface group reported higher pre-self-efficacy than males in the 
enhanced interface group. Females in the simple interface group reported lower pre-self-
efficacy than females in the enhanced interface group. The means (standard deviations) 
of pre-self-efficacy and cognitive playfulness are displayed in Table 10 and Table 11, 
respectively. For cognitive playfulness, there were no significant differences between 
gender, interface, or gender by interface. Table 12 shows the results of ANOVAs for pre-
self-efficacy and cognitive playfulness.  
 
Table 10. Means (SD) of pre-self-efficacy by gender and interface 
 
 Male Female 
Simple Interface 40.19 (4.67) 38.26 (4.47) 
Enhanced Interface 37.88 (5.32) 40.26 (3.57) 
 
 
 
Table 11. Means (SD) of cognitive playfulness by gender and interface 
 
 Male Female 
Simple Interface 98.96 (9.49) 94.74 (10.55) 
Enhanced Interface 94.27 (8.60) 96.87 (10.34) 
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Table 12. Results of ANOVA for pre-self-efficacy and cognitive playfulness 
 
 Pre-self-efficacy Cognitive Playfulness 
Gender F(1,94) = .06, p <.81 F(1,94) = .17, p <.68 
Interface F(1,94) = .03, p <.87 F(1,94) = .42, p <.52 
Gender x Interface F(1,94) = 5.39, p <.02 F(1,94) = 3, p <.09 
 
The analyses of the background data and cognitive playfulness confirmed that 
participants came into the study with similar age, academic level, programming 
experience, spreadsheet experience, GPA, and cognitive playfulness. However, there was 
a difference in the pre-self-efficacy between gender and interface. 
4.3 Quantitative Results 
 After checking the reliability of the questionnaires and participants’ background 
data, a main data analysis was carried out to answer the proposed research questions. The 
following sub-section 4.3.1 reports the effects of gender and end-user debugging software 
on the intensity of flow, performance outcomes, feature use and user perceptions (i.e., 
post-self-efficacy, perceived ease of use, and perceived usefulness). The relationship 
between the intensity of flow, performance outcomes, and the factors, i.e., self-efficacy, 
cognitive playfulness, perceived ease of use, and perceived usefulness, is described in the 
sub-section 4.3.2. 
4.3.1 Effects of gender and end-user debugging software 
4.3.1.1 Intensity of Flow 
 Since the intensity of flow was measured on the rating scale, a nonparametric 
statistical technique was preferable. However, there was no available nonparametric 
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procedure to control the confounding effect of pre-self-efficacy and adjust the scores of 
the intensity of flow accordingly. ANCOVA was used instead because rating scales, such 
as this one, have often been treated as an interval scale in many research works (Kiess, 
2002). 
ANCOVA is a statistical technique similar to ANOVA. Using ANCOVA, one or 
more variables can be specified as a covariate. The covariate is a variable measured 
before the experiment in order to identify pre-existing differences that may affect the 
outcome variables and confound the effect of the independent variables. In ANCOVA, 
regression procedures are performed to remove the variation in the dependent variable 
that is due to a covariate or covariates. Accordingly, the scores of the outcome variables 
are adjusted. The normal ANOVA techniques then are carried out on these adjusted 
scores (Pallant, 2001). ANCOVA helps ensure that any difference that would be found in 
the data analysis is actually attributed to the effects of gender and end-user debugging 
software rather than the pre-self-efficacy. 
ANCOVA showed that pre-self-efficacy was not significantly related to the 
intensity of flow in the first task. On the contrary, pre-self-efficacy was found 
significantly related to the intensity of flow in the second task. In the first and second 
task, the main effect of gender, main effect of interface, and the interaction effect of 
gender and interface on the intensity of flow was not significant at the .05 level. 
Nevertheless, the interaction effect of gender and interface on the intensity of flow in the 
first task was marginally significant as shown in Table 15. Table 13 and Table 14 show 
the means (SD) of the intensity of flow in the first and second task, respectively. The 
results of ANCOVA are displayed in Table 15. 
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 Table 13. Means (SD) of intensity of flow in the first task 
 
 Male Female 
Simple Interface 29.42 (4.71) 26.70 (5.25) 
Enhanced Interface 27.88 (5.20) 29.39 (4.29) 
 
 
 
Table 14. Means (SD) of intensity of flow in the second task 
 
 Male Female 
Simple Interface 28.31 (4.50)  27.87 (4.69) 
Enhanced Interface 28.12 (5.2) 29.61 (5.07) 
 
 
 
Table 15. ANCOVA results on intensity of flow 
 
 First task Second task 
Pre-self-efficacy F(1,93) = .51, p <.48 F(1,93) = 6.04, p <.02 
Gender F(1,93) = .40, p <.53 F(1,93) = .24, p <.63 
Interface  F(1,93) = .36, p <.55 F(1,93) = .72, p <.40 
Gender x Interface F(1,93) = 3.65, p <.06 F(1,93) = .16, p <.69 
 
 
 
4.3.1.2 Performance outcomes 
 Since pre-self-efficacy was found significantly different between gender and 
interface, ANCOVA was also used to analyze the performance outcomes.  
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Number of bugs fixed 
 As expected, ANCOVA showed that the covariate, pre-self-efficacy, was 
significantly related to the number of bugs participants fixed in the first and second task. 
The main effect of gender was also found significant for the number of bugs fixed in the 
first and second task. Males were able to fix more bugs than females. The means (SD) of 
number of bugs fixed in the first and second task are shown in Table 16 and Table 17, 
respectively. Table 18 shows the results of ANCOVA. 
 
Table 16. Means (SD) of number of bugs fixed in the first task 
 
 Male Female 
Simple Interface 3 (1.63) 1.13 (1.25) 
Enhanced Interface 2.19 (1.70) 2.22 (1.86) 
 
 
 
Table 17. Means (SD) of number of bugs fixed in the second task 
 
 Male Female 
Simple Interface 2.81 (2.04) 1.43 (1.67) 
Enhanced Interface 2.50 (2.01) 2.30 (1.82) 
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Table 18. ANCOVA results on number of bugs fixed 
 
 First task Second task 
Pre-self-efficacy F(1,93) = 7.10, p <.01 F(1,93) = 9.42, p <.00 
Gender F(1,93) = 8.74, p <.00 F(1,93) = 4.86, p <.03 
Interface  F(1,93) = .23, p <.63 F(1,93) = .67, p <.42 
Gender x Interface F(1,93) = 5.14, p <.03 F(1,93) = .71, p <.40 
  
ANCOVA also revealed a significant interaction effect of gender and interface on 
the number of bugs fixed in the first task. Figure 7 shows that males in the simple 
interface group fixed more bugs than males in the enhanced interface group. By contrast, 
the number of bugs fixed by females in the simple interface group was fewer than those 
fixed by females in the enhanced interface group. A post-hoc test, carried out to further 
investigate this significant interaction effect, showed that males in the simple interface 
group were significantly able to fix more bugs than females in the simple interface group 
(p <.00). No other significant differences were found between gender in the enhanced 
interface, between males in the two different interfaces, and between females in the two 
different interfaces. 
Figure 8 shows the means of the number of bugs fixed in the second task. 
Although the interaction effect of gender and interface on the number of bugs fixed in the 
second task was not found significant, it is interesting to note that males’ performance in 
the second task was similar between the two interfaces whereas females working in the 
enhanced interface group still performed better than ones in the simple interface group.   
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Figure 7. Number of bugs fixed in the first task by gender and interface 
 
 
Figure 8. Number of bugs fixed in the second task by gender and interface 
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Number of new bugs introduced 
The covariate, pre-self-efficacy, was not significantly related to the number of 
new bugs participants introduced in the first and second task. However, there was a 
significant main effect of gender on number of new bugs introduced in the first task. 
Females introduced more new bugs than males. The means (SD) of number of new bugs 
introduced in the first and second task are shown in Table 19 and Table 20, respectively. 
Table 21 shows the results of ANCOVA. 
 
Table 19. Means (SD) of number of new bugs introduced in the first task 
 
 Male Female 
Simple Interface 0.96 (1.48) 1.83 (2.02) 
Enhanced Interface 0.85 (1.01) 1.48 (1.31) 
 
 
 
Table 20. Means (SD) of number of new bugs introduced in the second task 
 
 Male Female 
Simple Interface 1.62 (2.06) 1.70 (2.20) 
Enhanced Interface 1.38 (1.42) 1.30 (1.64) 
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Table 21. ANCOVA results on number of new bugs introduced 
 
 First task Second task 
Pre-self-efficacy F(1,93) = .48, p <.49 F(1,93) = .01, p <.92 
Gender F(1,93) = 6.07, p <.02 F(1,93) = .00, p <.10 
Interface  F(1,93) = .57, p <.45 F(1,93) = .68, p <.41 
Gender x Interface F(1,93) = .29, p <.59 F(1,93) = .03, p <.85 
 
 Final percent testedness 
The final percent testedness of the first and second task was not significantly 
related to pre-self-efficacy. ANCOVA found no significant main effect of gender, main 
effect of interface, and an interaction effect of gender and interface on the final percent 
testedness in the first and second task. The means (SD) of the final percent testedness in 
the first and second task are shown in Table 22 and Table 23, respectively. Table 24 
shows the results of ANCOVA.  
 
Table 22. Means (SD) of final percent testedness in the first task 
 
 Male Female 
Simple Interface 57.08 (30.39) 50.04 (26.10) 
Enhanced Interface 49.65 (24) 62.43 (25.33) 
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Table 23. Means (SD) of final percent testedness in the second task 
 
 Male Female 
Simple Interface 67.58 (34.33)  56.48 (24.47) 
Enhanced Interface 66.46 (22.92) 67.52 (23.83) 
 
 
 
Table 24. ANCOVA results on final percent testedness 
 
 First task Second task 
Pre-self-efficacy F(1,93) = .10, p <.75 F(1,93) = .28, p <.60 
Gender F(1,93) = .27, p <.60 F(1,93) = .86, p <.36 
Interface  F(1,93) = .22, p <.64 F(1,93) = .84, p <.36 
Gender x Interface F(1,93) = 2.91, p <.09 F(1,93) = .92, p <.34 
 
4.3.1.3 Feature Use 
 The new features introduced to the participants were mainly checkmarks, x-
marks, and arrows. No statistically significant differences in the use of checkmarks and 
arrows were found between gender, interface, and gender by interface in the first and 
second task as shown in Table 27 and Table 30. The means (SD) of number of 
checkmarks used in the first and second task are shown in Table 25 and Table 26, 
respectively. Table 28 and Table 29 show the means (SD) of number of arrows used in 
the first and second task, respectively.  
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Table 25. Means (SD) of number of checkmarks used in the first task 
 
 Male Female 
Simple Interface 30.62 (24.73) 30.96 (25.19) 
Enhanced Interface 28.88 (28.15) 41.61 (33.05) 
 
 
 
Table 26. Means (SD) of number of checkmarks used in the second task 
 
 Male Female 
Simple Interface 34.81 (24.64)  42.35 (37.51) 
Enhanced Interface 38.00 (28.67) 46.39 (27.02) 
 
 
 
Table 27. ANCOVA results on number of checkmarks 
 
 First task Second task 
Pre-self-efficacy F(1,93) = .03, p <.87 F(1,93) = 1.00, p <.32 
Gender F(1,93) = 1.32, p <.25 F(1,93) = 1.69, p <.20 
Interface  F(1,93) = .62, p <.43 F(1,93) = .38, p <.54 
Gender x Interface F(1,93) = 1.05, p <.31 F(1,93) = .03, p <.87 
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Table 28. Means (SD) of number of arrows used in the first task 
 
 Male Female 
Simple Interface 12.15 (16.20) 6.65 (9.16) 
Enhanced Interface 10.92 (19.09) 7.00 (11.69) 
 
 
 
Table 29. Means (SD) of number of arrows used in the second task 
 
 Male Female 
Simple Interface 9.00 (12.10)  11.48 (22.97) 
Enhanced Interface 7.62 (12.51) 5.48 (8.56) 
 
 
 
Table 30. ANCOVA results on number of arrows 
 
 First task Second task 
Pre-self-efficacy F(1,93) = 1.52, p <.22 F(1,93) = .20, p <.65 
Gender F(1,93) = 2.59, p <.11 F(1,93) = .01, p <.95 
Interface  F(1,93) = .02, p <.90 F(1,93) = 1.51, p <.22 
Gender x Interface F(1,93) = .00, p <.98 F(1,93) = .41, p <.53 
 
For x-marks, the collected data did not allow an analysis using ANCOVA due to 
the small number of participants who used x-marks. The Chi-square test was used 
instead. Unlike checkmarks and arrows, participants were not taught how to use x-marks 
in the tutorial. They simply were introduced to and encouraged to explore the feature. 
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The participants were grouped into two groups based on the number of x-marks used: 1) 
attempted to learn and use x-marks and 2) did not attempt to learn and use x-marks. If a 
participant placed at least 1 x-mark in at least one task, it could be interpreted as he/she 
may be curious about the feature and attempted to learn and use it. The following tables 
(Table 31 and Table 32) show a cross tabulation of gender, interface, and whether 
participants attempted to use x-marks in at least one task. The Chi-square test showed no 
significant differences between gender and interface (Table 33).   
 
Table 31. Cross tabulation of gender and whether x-marks were attempted to use 
in at least one task 
 
 X-marks were attempted to use in at least one task? 
Gender Yes No 
Male 29 23 
Female 27 19 
 
Table 32. Cross tabulation of interface and whether x-marks were attempted to 
use in at least one task 
 
 X-marks were attempted to use in at least one task? 
Interface Yes No 
Simple 27 22 
Enhanced 29 20 
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Table 33. Chi-square results on use of x-marks 
 
Gender χ2 (1, N = 98) = .09, p <.77 
Interface χ2 (1, N = 98) = .17, p <.68 
 
4.3.1.4 User perceptions 
Other user perceptions, i.e., post-self-efficacy, perceived ease of use, and 
perceived usefulness, were also analyzed to see whether there were differences between 
gender and interface. Table 34 reports means (SD) of post-self-efficacy by gender and 
interface. A run of ANCOVA revealed that post-self-efficacy was significantly related to 
pre-self-efficacy (Table 35). A significant interaction effect of gender and interface was 
also found for post-self-efficacy (Table 35). Only the results on the post-self-efficacy 
after the first task were shown because it was measured only once after the first task.  
 
Table 34. Means (SD) of post-self-efficacy by gender and interface 
 
 Male Female 
Simple Interface 40.08 (7.71) 34.61 (5.02) 
Enhanced Interface 35.31 (6.27) 37.96 (5.23) 
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Table 35. ANCOVA results on post-self-efficacy 
 
 First task 
Gender F(1,93) = 1.62, p <.21 
Interface  F(1,93) = .29, p <.59 
Gender x Interface F(1,93) = 6.31, p <.01 
 
 
 
 
Figure 9. Post-self-efficacy by gender and interface 
 
 
 
Figure 9 shows that the level of post-self-efficacy was higher for males in the 
simple interface group than males in the enhanced interface group. Unlike males, the 
level of post-self-efficacy of females in the simple interface group was lower than that of 
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self-efficacy were found between gender in the enhanced interface, between males in the 
two different interfaces, and between females in the two different interfaces. 
The change in level of self-efficacy, i.e., the difference between pre- and post-
self-efficacy, was also examined to see whether males and females’ self-efficacy 
increased or decreased differently between the two interfaces. Table 36 shows means 
(SD) of change in self-efficacy by gender and interface. Both males and females’ self-
efficacy dropped in both interface groups as all means were negative values. An 
ANCOVA was carried out to test if these means were significantly different. A 
significant interaction effect of gender and interface was found (Table 37). A post-hoc 
test found that only the change in self-efficacy of males and females in the simple 
interface was significantly different (p <.05).   
 
Table 36. Means (SD) of change in self-efficacy by gender and interface 
 
 Male Female 
Simple Interface -.12 (6.96) -3.65 (4.79) 
Enhanced Interface -2.58 (7.49) -2.30 (5.51) 
 
 
Table 37. ANCOVA results on change in self-efficacy 
 
 First task 
Gender F(1,93) = 1.62, p <.21 
Interface  F(1,93) = .29, p <.59 
Gender x Interface F(1,93) = 6.31, p <.01 
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Regarding perceived ease of use, it was significantly predicted by pre-self-
efficacy. No other significant differences were found as reported in Table 40. Means 
(SD) of perceived ease of use measured after the first and second task are shown in Table 
38 and Table 39, respectively.   
 
Table 38. Means (SD) of perceived ease of use measured after the first task 
 
 Male Female 
Simple Interface 20.62 (5.08) 16.83 (4.56) 
Enhanced Interface 19.58 (3.83) 20.13 (5.13) 
 
 
 
Table 39. Means (SD) of perceived ease of use measured after the second task 
 
 Male Female 
Simple Interface 20.04 (5.25)  17.43 (5.31) 
Enhanced Interface 20.31 (5.29) 20.13 (4.61) 
 
 
 
Table 40. ANCOVA results on perceived ease of use 
 
 First task Second task 
Gender F(1,93) = 3.24, p <.08 F(1,93) = 2.13, p <.15 
Interface  F(1,93) = 1.59, p <.21 F(1,93) = 2.34, p <.13 
Gender x Interface F(1,93) = 3.12, p <.08 F(1,93) = .27, p <.61 
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Unlike perceived ease of use, perceived usefulness was not significantly related to 
pre-self-efficacy. There were also no significant differences in perceived usefulness 
between gender, interface, and gender by interface (Table 43). The means (SD) of 
perceived usefulness measured after the first and second task are shown in Table 41 and 
Table 42, respectively.   
 
Table 41. Means (SD) of perceived usefulness measured after the first task 
 
 Male Female 
Simple Interface 20.46 (6.48) 20.83 (5.43) 
Enhanced Interface 19.62 (4.58) 22.09 (4.46) 
 
 
 
Table 42. Means (SD) of perceived usefulness measured after the second task 
 
 Male Female 
Simple Interface 20.35 (6.20)  21.00 (5.13) 
Enhanced Interface 21.12 (5.46) 21.43 (4.29) 
  
 
 
Table 43. ANCOVA results on perceived usefulness 
 
 First task Second task 
Gender F(1,93) = 1.71, p <.19 F(1,93) = .20, p <.66 
Interface  F(1,93) = .04, p <.85 F(1,93) = .31, p <.58 
Gender x Interface F(1,93) = .86, p <.36 F(1,93) = .03, p <.87 
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4.3.2 Relationships between individual characteristics, user perceptions, intrinsic 
motivation, and performance 
A Pearson correlation was first carried out to investigate the relationships between 
the individual characteristics (i.e., pre-self-efficacy, post-self-efficacy, and cognitive 
playfulness), user perceptions (i.e., perceived ease of use, and perceived usefulness), 
intrinsic motivation (i.e., intensity of flow), and performance (i.e., number of bugs fixed, 
number of new bugs introduced, and final percent testedness). The correlation results are 
shown in Table 44. The cognitive playfulness did not show any significant relationship 
with other questionnaire variables and performance outcomes; therefore, it was dropped 
from the further analysis. The following sections describe these correlation results and 
the results of the multiple regression analysis.    
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Cognitive 
Playfulness 
Post-
self-
efficacy  
Intensity 
of Flow  PEU  PU 
 Bugs 
Fixed 
Bugs 
Introduced 
Final 
Percent 
Testedness 
Pre-self-efficacy Pearson Corr. .051 .382** .214* .302** .020 .342** .029 .082 
p value .619 .000 .035 .003 .841 .001 .778 .419 
Cognitive 
Playfulness 
Pearson Corr.  .194 .126 .039 .005 -.181 -.041 .113 
p value   .056 .217 .702 .958 .074 .690 .269 
Post-self-efficacy Pearson Corr.   .534** .673** .282** .279** -.076 .045 
p value    .000 .000 .005 .005 .454 .658 
Intensity of Flow Pearson Corr.    .670** .361** .209* -.102 .158 
p value     .000 .000 .039 .317 .120 
PEU Pearson Corr.     .511** .360** -.133 .084 
p value      .000 .000 .190 .409 
PU Pearson Corr.      -.064 .056 -.019 
p value       .533 .583 .850 
Bugs Fixed Pearson Corr.       -.241* .222* 
p value        .017 .028 
Bugs Introduced Pearson Corr.        -.102 
p value         .316 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
Table 44. Results of Pearson correlation 
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4.3.2.1 Intensity of Flow 
The Pearson correlation showed that the intensity of flow was significantly and 
positively related to pre-self-efficacy, post-self-efficacy, perceived ease of use, and 
perceived usefulness. The intensity of flow was also found significantly and positively 
correlated with the number of bugs fixed.  
To investigate the factors affecting the intensity of flow, a multiple regression 
analysis was carried out with the pre-self-efficacy, post-self-efficacy, perceived ease of 
use, and perceived usefulness as predictors and the intensity of flow as an outcome 
variable. This multiple regression analysis was performed on all participants (N = 98). 
Perceived ease of use was identified as a significant predictor, which was not the case for 
the other three predictors. Overall, this model was significant and accounted for 46% of 
the variance in the intensity of flow: F(4, 93) = 20.045, R2 = 0.46, p <.00. A value of R2 
indicates the amount of variance in the outcome variable that is explained by the 
predictors (Field, 2005). Table 45 shows the unstandardized regression coefficients (B), 
standard errors of the unstandardized regession coefficients (SE), the standardized 
regression coefficients (β), and p values for each predictor. The unstandardized 
regression coefficient represents the amount of change in the outcome variable when the 
predictor changes in one unit.  It is dependent on the units of measurement of the 
variables. On the contrary, the standardized regression coefficient signifies “the number 
of standard deviations that the outcome will change as a result of one standard deviation 
change in the predictor” (Field, 2005, p 193). In other words, the standardized regression 
coefficient does not hinge on the units of measurement.  The standard error indicates a 
likelihood of obtaining B values from other samples similar to the one from the sample 
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collected. The smaller the standard error is, the more likely that the B values would be 
similar across different samples. The standard error is used in a t-test to determine 
whether the B values are significantly different from zero.  
 
Table 45. Unstandardized regression coefficients, standard errors, standardized 
regression coefficients, and p values for the effect of pre-self-efficacy, post-self-
efficacy, perceived ease of use, and perceived usefulness on intensity of flow 
 
 B SE β p value 
Pre-self-efficacy -.01 .08 -.01 .87 
Post-self-efficacy .11 .07 .16 .14 
Perceived ease of use .53 .11 .55 .00 
Perceived usefulness .03 .08 .04 .69 
 
 The multiple regression analysis was also conducted separately on all male and 
female participants. Again, the intensity of flow was an outcome variable. The predictors 
were pre-self-efficacy, post-self-efficacy, perceived ease of use, and perceived 
usefulness. For male participants, the model was statistically significant and explained 
43% of the variance in the intensity of flow: F(4,47) = 8.98, R2 = 0.43, p <.00. For female 
participants, the model was also statistically significant and accounted for 57% of the 
variance: F(4,41) = 13.35, R2 = 0.57, p <.00. For both males and females, the perceived 
ease of use was the only significant predictor. Table 46 and Table 47 present the results 
of the multiple regression analysis for males and females, respectively. 
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Table 46. Unstandardized regression coefficients, standard errors, standardized 
regression coefficients, and p values for the effect of pre-self-efficacy, post-self-
efficacy, perceived ease of use, and perceived usefulness on males’ intensity of flow  
 
   B SE β p value 
Pre-self-efficacy -.06 .10 -.07 .58 
Post-self-efficacy .10 .08 .17 .25 
Perceived ease of use .65 .17 .63 .00 
Perceived usefulness -.11 .11 -.14 .31 
 
 
 
Table 47. Unstandardized regression coefficients, standard errors, standardized 
regression coefficients, and p values for the effect of pre-self-efficacy, post-self-
efficacy, perceived ease of use, and perceived usefulness on females’ intensity of flow 
 
   B SE β p value 
Pre-self-efficacy .05 .12 .05 .68 
Post-self-efficacy .10 .15 .13 .50 
Perceived ease of use .45 .18 .50 .01 
Perceived usefulness .20 .12 .21 .11 
 
 
 
4.3.2.2 Performance outcomes 
As shown in Table 44, the number of bugs fixed was the only performance 
outcome found significantly correlated with other questionnaire variables. It was 
positively related to pre-self-efficacy, post-self-efficacy, perceived ease of use, and the 
intensity of flow. In addition, it was significantly and negatively related to the number of 
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new bugs introduced. It also significantly and positively correlated with the final percent 
testedness.  
Based on the Pearson correlation results, a further multiple regression analysis 
was then performed on the number of bugs fixed as an outcome variable, with the pre-
self-efficacy, post-self-efficacy, perceived ease of use, perceived usefulness and the 
intensity of flow as predictors. This multiple regression analysis was performed on all 
participants (N = 98). The B, SE, β, and p values are presented in Table 48. The pre-self-
efficacy, perceived ease of use, and perceived usefulness were significant predictors. On 
the contrary, the post-self-efficacy and intensity of flow were not significant predictors of 
the number of bugs fixed. Overall, the model was significant and accounted for 26% of 
the variance of the number of bugs fixed: F(5, 92) = 6.3, R2 = 0.26, p <.00. 
 
Table 48. Unstandardized regression coefficients, standard errors, standardized 
regression coefficients, and p values for the effect of pre-self-efficacy, post-self-
efficacy, perceived ease of use, perceived usefulness, and intensity of flow on number 
of bugs fixed 
 
 B SE β p value 
Pre-self-efficacy .08 .04 .22 .03 
Post-self-efficacy -.01 .03 -.03 .81 
Perceived ease of use .18 .06 .50 .00 
Perceived usefulness -.10 .04 -.30 .00 
Intensity of Flow -.02 .05 -.05 .69 
 
In addition, separate runs of the multiple regression analysis were conducted on 
male and female participants. The predictors were the pre-self-efficacy, post-self-
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efficacy, perceived ease of use, perceived usefulness, and the intensity of flow. The 
number of bugs fixed was an outcome variable.  
The model was statistically significant and explained 37% of the variance in the 
number of bugs fixed by males: F(5,46) = 5.51, R2 = 0.37, p <.00. The pre-self-efficacy, 
perceived ease of use, and perceived usefulness were significant predictors of this model 
(Table 49). By contrast, the model was not statistically significant for females: F(5,40) = 
1.29, R2 = 0.14, p <.29. None of the predictors were found significant (Table 50). 
 
Table 49. Unstandardized regression coefficients, standard errors, standardized 
regression coefficients, and p values for the effect of pre-self-efficacy, post-self-
efficacy, perceived ease of use, perceived usefulness and intensity of flow on number 
of bugs fixed by males 
 
    B SE β p value 
Pre-self-efficacy .10 .04 .29 .03 
Post-self-efficacy -.03 .04 -.11 .46 
Perceived ease of use .25 .08 .61 .00 
Perceived usefulness -.09 .05 -.29 .05 
Intensity of Flow .01 .06 .02 .91 
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Table 50. Unstandardized regression coefficients, standard errors, standardized 
regression coefficients, and p values for the effect of pre-self-efficacy, post-self-
efficacy, perceived ease of use, perceived usefulness, and intensity of flow on number 
of bugs fixed by females 
 
    B SE β p value 
Pre-self-efficacy .06 .06 .18 .30 
Post-self-efficacy .03 .07 .11 .68 
Perceived ease of use .07 .09 .21 .48 
Perceived usefulness -.09 .06 -.27 .16 
Intensity of Flow -.02 .08 -.06 .78 
 
 
 
4.4 Qualitative Results 
 To qualitatively examine factors affecting the state of flow, participants were 
given an open-ended question at the end of the study. The question was “Did you stay 
focused on the task? If so, what helped you stay focused? Is it the overall spreadsheet 
system, particular features, both the system and features, or other reasons? If not, what 
kept you from staying focused? Please explain.” Participants’ answers included various 
issues affecting their state of flow, as shown in the coding scheme in Chapter 3. 
However, perceived ease of use, perceived usefulness, and self-efficacy were either 
explicitly stated or implicitly embedded in their answers. In this section, the frequency of 
each factor is first reported. Examples of participants’ qualitative answers in regard to 
each factor are then illustrated in 4.4.1 and 4.4.2. 
Table 51 shows the frequency of perceived ease of use (PEU), perceived 
usefulness (U), and self-efficacy (SE) directly or indirectly mentioned in participants’ 
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answers. The frequency of each factor is tabulated by males (M) and females (F). These 
numbers is merely to provide a context for the qualitative results. No statistical testing 
was performed on these numbers.  
 
Table 51. Frequency of perceived ease of use (PEU), perceived usefulness (PU), 
and self-efficacy (SE) mentioned in participants’ qualitative answers 
 
Code Groups PEU U SE 
 M F M F M F Total 
Software Features 4 5 9 11 2 0 31 
Software Feedback 2 2 4 5 2 1 16 
Spreadsheet Software 2 2 1 1 0 0 6 
Forms/3 Experience 2 2 0 0 2 1 7 
Goal Achievement 0 0 0 0 2 0 2 
User perception 7 7 3 4 2 2 25 
Total 17 18 17 21 10 4 
 
 
 
Most of the code groups in Table 51 are composed of several codes, which are 
explained in Table 1 under the section 3.3.3.2 of Chapter 3. The code groups spreadsheet 
software and goal achievement are each consisted of only one code, which is also 
described in Table 1. 
For the code group software features, 42 instances in total were assigned to the 
data. From Table 51, 20 instances were about perceived usefulness; 9 instances about 
perceived ease of use; and 2 instances about self-efficacy. 
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Similarly, the issue of perceived usefulness was mentioned more often than 
perceived ease of use for the answers concerning software feedback. The code group 
software feedback included four different codes. Out of the total 25 instances of these 
four codes applied to the data, 9 instances were about perceived usefulness; 4 about 
perceived ease of use; and 3 about self-efficacy (Table 51).  
 For the code group spreadsheet software, 18 instances of the code were assigned 
to the data. Table 51 shows that 4 instances were about perceived ease of use; 2 about 
perceived usefulness; and none was about self-efficacy.  
The code group Forms/3 experience consisted of two codes. Twenty-one 
instances of these two codes were assigned to the data. Out of the 21 instances, 4 
instances were about perceived ease of use; 3 about self-efficacy; and none was about 
perceived usefulness (Table 51).   
 For the code group goal achievement, twenty instances of the code goal 
achievement were applied to the data. Table 51 shows that two instances were related to 
self-efficacy while none concerned perceived ease of use and perceived usefulness. 
 The code group user perception is composed of eight different codes. The number 
of instances of these codes applied to the data altogether was 71. Unlike the codes 
regarding software features and software feedback, perceived ease of use was mentioned 
more frequently than perceived usefulness. There were 14 instances mentioning about 
perceived ease of use; 7 about perceived usefulness; and 4 about self-efficacy as shown in 
Table 51.  
The following sections illustrate examples of participants’ responses in regard to 
perceived ease of use, perceived usefulness, and self-efficacy. 
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4.4.1. Perceived Ease of Use, Perceived Usefulness and Flow 
 The lack of ease of use, as perceived by a participant, had led to a difficulty in 
maintaining the state of flow, for instance, “I was unable to stay focused. This may be 
because I found the program difficult to use and unrealistic.”  However, other 
participants were able to stay focused on the task because they could easily understand 
the spreadsheet software and features such as: 
• “Stay focused. Yes. I understand the task and try to finish the task. The system and 
features are both easy to understand.”  
• “I was able to focus the majority of the time. The spreadsheets were user friendly 
and direct to the point.” 
Also, some participants perceived the spreadsheet software to be more attractive than the 
spreadsheet software they have used before, for example, “This system is easier and 
more attractive than Excel.”, thus helping them engage in the tasks. A few participants 
explicitly stated that the usefulness of the spreadsheet software and features helped them 
keep focused on the tasks, such as “…Those arrows and progress bar are also helpful to 
show me where I am and what I should look for.” 
  Often, participants did not directly talk about the ease of use and usefulness of 
the spreadsheet software and features. They mostly commented on the features and their 
experience with the software. Still, the issues of perceived ease of use and usefulness 
could be interpreted from their responses. Participants mostly made positive comments 
on the features when they perceived that those features were useful to help them complete 
the task. Examples are given below. All of the examples show that participants liked the 
features because they helped them figure out which cell needed to be tested. 
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• “The spreadsheet kept me focused on which cells to keep testing. The arrows 
showed me which cells were related to each other and the colors showed which 
ones needed to be re-tested.” 
• “Using the checkmarks and x-marks helped to keep track of what I might 
potentially have to change in case I was getting the wrong data.” 
• “The blue cell borders and the checkmarks made it easy to track my progress, 
which kept me focused.” 
• “It was nice that when you made a checkmark, you knew that the cell was correct 
and you didn't have to do anything else with it. This made it easier to focus on 
cells that you were not sure were correct. The system of checkmarks made using 
the spreadsheets easier.” 
When participants failed to understand the features, they would find them not easy to 
use, thereby giving negative comments on the features. The following are the examples. 
The first two examples show that the different shades of colors implemented in the 
software confused some participants. Accordingly, they were not able to fully understand 
the different meanings each color offered, felt perplexed and did not perceive that these 
colors were easy to understand. The third example is related to the difficulty in figuring 
out which cell an arrow was pointing to. The last example states that learning many new 
elements of the software was difficult. 
• “I do think that all of the different colors were distracting. I could not keep it 
straight which color meant what” 
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• “The blue-purple and the red-purple combinations were slightly confusing -> too 
many colors and they were too similar in value (esp. if I were color blind, it would 
be difficult to differ).” 
• “I would have found tracing errors easier if the arrows had pointed more directly 
at the cells they were tracing.” 
• “There were too many attributes different from Excel which were hard to learn.” 
4.4.2 Self-Efficacy and Flow 
 Self-efficacy is one’s belief in his/her ability to carry out a task. In particular to 
this study, self-efficacy is related to participants’ perceptions that they are capable of 
using the software features to accomplish the assigned tasks. This section refers to self-
efficacy in a general sense. No direct association between pre-self-efficacy, post-self-
efficacy and flow could be interpreted from the participants’ answers.  
 The majority of participants’ answers did not mention any comment clearly 
indicative of self-efficacy. Although several comments indicated a difficulty with using 
the features or any confusion regarding the tasks or features, these comments did not 
suggest any relation to the self-efficacy. These comments were rather about the ease of 
use, task difficulty, or task comprehension.  
 Nevertheless, the issue of self-efficacy could be found among a handful of 
comments. A few participants made a comment that they could not fully concentrate on 
the tasks because they failed to understand what the tasks were about, leading to a loss of 
interest and discouragement, e.g., “On the second spreadsheet I didn't stay focused for 
the sole reason that I had no idea what I was doing so I lost interest and became 
discouraged.” Another participant had a doubt of his/her ability to use a software feature, 
87 
 
 
“…the X’s [x-marks] were really not that helpful since I feel as though I didn’t use them 
properly.” 
 On the other hand, some participants could keep focused on the tasks because 
they believed that they could be proficient at using this spreadsheet software although 
they were not so familiar with it during the experiment, for example, “It is a very useful 
tool that with more practice, it could definitely master.”  In addition, there were 
comments about software features, i.e. a blue border, which was perceived to be 
conveying a successful test. The notion of testing successfully helped keep participants 
working on the tasks, for example, “What kept me focused was that with each correct "x" 
(Note: he meant checkmarks) that was placed it elicited a blue box which signals a 
successful completion of a single task. This success prompted me to move to the next task 
and try to successfully complete it.”    
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CHAPTER 5: DISCUSSION 
This research studied factors affecting end-user programmers’ intrinsic motivation 
(intensity of flow) and performance in the context of spreadsheet debugging. These 
factors included gender, end-user debugging software, self-efficacy, ease of use, and 
usefulness. The study’s results were reported in Chapter 4. This chapter begins with a 
summary of significant results, followed by an interpretation of the results.  
5.1 Summary of Results 
 Significant results of the study are summarized in two subsections. The results 
regarding the effect of gender (male vs. female) and end-user debugging software (simple 
interface vs. enhanced interface) on intrinsic motivation, i.e. intensity of flow, and 
performance are briefly described in 5.1.1. The subsection 5.1.2 presents the results 
concerning the relationships between self-efficacy, ease of use, usefulness, intensity of 
flow, and performance.  
5.1.1 Effects of gender and end-user debugging software on intrinsic motivation and 
performance 
The first three research questions address the effects of gender and end-user 
debugging software on the intensity of flow and performance. The results can be 
summarized as follows: 
Intensity of Flow 
• Overall, males and females working with either the simple end-user 
debugging software or the enhanced one were able to achieve a similar 
level of intensity of flow. 
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• A marginally significant interaction effect of gender and end-user 
debugging software on flow was found in the first task. Males working 
with the simple interface reported slightly higher flow than males 
working with the enhanced interface, whereas females in the enhanced 
interface group reported the intensity of flow a little higher than that of 
females in the simple interface group  
Performance 
 Number of bugs fixed 
• In both tasks, males fixed more bugs than females.  
• When also considering the end-user debugging software, males working 
with the simple version of the end-user debugging software significantly 
fixed more bugs in the first task than females working with the same 
interface. 
Number of bugs introduced 
• In the first task, females generated more new bugs than males.   
Feature use 
• Males and females, working with either the simple or enhanced version of 
the software, attained a similar final percent testedness of both 
spreadsheet tasks. 
• The frequency of use for checkmarks, x-marks, and arrows was not 
different between males and females working with either version of the 
software.  
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5.1.2 Relationships between individual characteristics, user perceptions, intrinsic 
motivation, and performance 
 The last research question investigates the relationship between the investigated 
factors, intensity of flow, and performance. The results are summarized below. 
Intensity of Flow 
• Based on Pearson correlation analysis, the intensity of flow had a positive 
correlation with pre-self-efficacy, post-self-efficacy, perceived ease of use, 
perceived usefulness, and number of bugs fixed.  
• Based on multiple regression analysis, a set of predictors, pre-self-
efficacy, post-self-efficacy, perceived ease of use, and perceived 
usefulness, explained 46% of the total variance of intensity of flow, when 
the data were pooled from both males and females. For males, the same 
set of predictors explained 43% of the total variance of intensity of flow. 
For females, the variance of intensity of flow could be explained 57% by 
this set of predictors. Among these four predictors, perceived ease of use 
contributed the most to the variance explained.  
Performance 
• Using Pearson correlation analysis, the number of bugs fixed had a 
positive correlation with pre-self-efficacy, post-self-efficacy, perceived 
ease of use, and flow.  
• Using multiple regression analysis, 26% of the total variance of bugs fixed 
was explained by predictors including pre-self-efficacy, post-self-efficacy, 
perceived ease of use, perceived usefulness, and flow, when the data were 
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pooled across males and females.  For males, these five predictors 
accounted for 37% of the total variance of number of bugs fixed. Among 
these five predictors, the pre-self-efficacy, perceived ease of use, and 
perceived usefulness significantly contributed to the variance explained. 
On the contrary, these predictors did not significantly explain the variance 
of number of bugs fixed by females.  
5.1.3 Qualitative answers 
• Perceived ease of use, perceived usefulness, and self-efficacy were also 
mentioned in participants’ qualitative responses as issues affecting their 
intensity of flow while working on the tasks. 
5.2 Interpretation of Results 
This section is divided into two parts. The first part discusses factors affecting end 
users’ intensity of flow. The second part then discusses factors affecting end users’ 
performance in spreadsheet debugging.  
5.2.1 Factors affecting intensity of flow 
5.2.1.1 Gender and end-user debugging software 
Overall, this study did not find differences in the intensity of flow experienced by 
males and females as they were interacting with either version of the end-user debugging 
software. Regardless of the version of the end-user debugging software, both males and 
females were able to stay involved with the tasks. However, for flow in the first task, a 
marginally significant interaction effect of gender and end-user debugging software was 
found. Males in the simple interface group and females in the enhanced interface group 
experienced slightly greater flow than males in the enhanced interface group and females 
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in the simple interface group. This result may be explained by the marginally significant 
difference in perceived ease of use between gender and interface group in the first task. 
Again, males working with the simple interface perceived the system easier to use than 
the other male group. On the contrary, females working with the enhanced interface 
perceived the system easier to use than the other female group. This connection between 
perceived ease of use and flow is also present in the results of multiple regression, which 
are discussed in the following subsection 5.2.1.2. 
5.2.1.2 Individual characteristic and user perceptions  
Included in the analysis, the individual characteristic factor was self-efficacy; and 
user perceptions were perceived ease of use and perceived usefulness. For self-efficacy, 
both pre-self-efficacy and post-self-efficacy were included as a separate factor. Pre-self-
efficacy was measured before the tutorial and before the first task. Since the participants 
had never been exposed to the new spreadsheet system before, their answers would be 
more or less based on their previous experience with other spreadsheet systems, which 
reflected the participants’ self-efficacy in using whatever spreadsheet systems they had 
an access to. On the other hand, the post-self-efficacy, measured by the same 
questionnaire as the pre-self-efficacy, was assessed after the participants had actually 
used the spreadsheet system to find and fix errors in either a spreadsheet calculating 
grades or payroll. The participants’ answers to the post-self-efficacy questionnaire, to a 
greater extent, were more likely to rely on their experience with the new spreadsheet 
system.  
The multiple regression results show that these factors altogether could 
significantly explain a large amount of variance in the intensity of flow, i.e. 46% for the 
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overall model, 43% for the males, and 57% for the females. However, when investigating 
each factor’s contribution, the β value of perceived ease of use was the largest and 
statistically significant. The β values of other factors were much smaller and were not 
statistically significant.  
A reason why pre-self-efficacy was not a significant predictor of flow might be 
because pre-self-efficacy was not representative of participants’ perceived ability to 
perform a task using the study’s end-user debugging software. Recall that the intensity of 
flow is an experience as a result of engaging in a particular activity. As mentioned earlier, 
pre-self-efficacy was measured before the participants had actually interacted with the 
system. The judgment of their ability was then based on their prior spreadsheet 
experience, thus yielding pre-self-efficacy a non-significant predictor of flow. 
After participants completed the first task, they were again asked about their self-
efficacy, i.e. post-self-efficacy. Accordingly, post-self-efficacy was evaluated based on 
participants’ interaction with the end-user debugging software. Self-efficacy is 
theoretically argued that it influences intrinsic motivation (Deci & Ryan, 2000). 
However, this study found post-self-efficacy a weak predictor of flow. This finding does 
not entirely suggest that self-efficacy is not necessary for the intensity of flow. An 
individual would experience the state of flow when there is a match between his/her skills 
and challenge of an activity (Csikszentmihalyi, 1975). When a person successfully 
performs an optimally challenging task, he/she would feel a sense of competence (Deci & 
Ryan, 2000, p. 260). In this study, post-self-efficacy was not a significant predictor of 
flow possibly because of the high correlation between post-self-efficacy and perceived 
ease of use. Participants also filled out the perceived ease of use questionnaire after they 
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had completed the tasks, thereby yielding answers based on their perceptions of ease of 
use towards the study’s spreadsheet debugging software. Perceived ease of use could be 
considered an indicator of self-efficacy. In the Technology Acceptance Model, Davis et 
al. (1989) explained that perceived ease of use influenced users’ attitudes and behaviors 
towards a new software system partly via self-efficacy. Davis et al. (1989) discussed that 
when the system was easy to use, users should perceive great self-efficacy and personal 
control in their ability to operate the system to yield desired outcomes. A comparison 
between the study’s self-efficacy and perceived ease of use questionnaires shows some 
similarities between these two questionnaires. Recall that there were 10 statements in the 
self-efficacy questionnaire whereas 4 statements in perceived ease of use questionnaire. 
The four statements of perceived ease of use were as follows: “Learning to operate the 
spreadsheet system would be easy for me,” “I would find it easy to get the spreadsheet 
system to do what I want it to do,” “It would be easy for me to become skillful at using 
the spreadsheet system,” and “I would find the spreadsheet system easy to use.”  Notice 
that these four statements were embedded with the notion of self-efficacy. Participants 
would rate the end-user debugging software easy to use when they believed that it was 
easy for them to learn, to use, and to master the spreadsheet software. Each of the 10 
statements of the self-efficacy questionnaire asked participants whether they could use 
the spreadsheet software to perform a task under several conditions, which could be 
summed up as follows: with or without help from others, with no prior experience with 
the software, with only manuals or built-in help facility, and with a lot of time to 
complete the task. Participants would rate ‘agree’ or ‘strongly agree’ to these 10 
statements if they felt that the spreadsheet software was easy for them to operate. The 
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four statements of the perceived ease of use questionnaire could be considered as general 
statements while the 10 statements of self-efficacy questionnaire were more specific. In 
other words, the 10 statements of self-efficacy questionnaire could be subsumed under 
the 4-statement perceived ease of use questionnaire. To put it simply, this study did not 
find that post-self-efficacy significantly influenced the intensity of flow because post-
self-efficacy and perceived ease of use explained shared variance of the intensity of flow. 
As a result, the explanatory power of post-self-efficacy was too small to achieve a 
significantly statistical result.    
Based on the Pearson correlation results, perceived ease of use had the highest 
correlation with the intensity of flow. It was then expected that perceived ease of use 
would be the strongest predictor of flow, which was true according to the results of 
multiple regression. This result is also consistent with Trevino & Webster (1992) who 
found that perceived ease of use of computer-mediated communication system, i.e. e-mail 
and voice mail system, positively influenced flow. Perceived ease of use is a perception 
that using the system would be free of effort. Besides perceived ease of use being 
reflective of self-efficacy, it is related to the intensity of flow in that an easy-to-use 
system would be more likely to incur enjoyment than a difficult-to-use one. With the 
easy-to-use system, users would be able to wholly engage in a task without any confusion 
or frustration with the system. In addition, perceived ease of use and the intensity of flow 
were related because both constructs concerned the process of interacting with the system 
than performance outcomes.  
Perceived usefulness, on the other hand, is a perception that using the system 
would help improve task performance, which is considered an extrinsic reward. 
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Essentially, flow is induced by enjoyment received from carrying out a task, an intrinsic 
reward. The result of the multiple regression shows that perceived usefulness was not a 
significant predictor of flow. The lack of relationship between perceived usefulness and 
flow suggests that flow was not influenced by an extrinsic reward.   
5.2.2 Factors affecting end users’ performance 
5.2.2.1 Gender and end-user debugging software 
In Beckwith et al. (2005)’s study, females had lower pre-self-efficacy than males. 
This lower pre-self-efficacy of females led to lower use of checkmarks, arrows, and x-
marks than males, which in turn affected females’ effectiveness of spreadsheet 
debugging. Females significantly created more new bugs than males, although no 
significant difference in the number of bugs fixed was found between males and females. 
Beckwith discussed that self-efficacy was an important factor affecting spreadsheet 
debugging performance. Owing to Beckwith et al. (2005)’s study, the difference in pre-
self-efficacy was controlled in the data analysis of this study. When the effect of pre-self-
efficacy was controlled by using ANCOVA, no significant gender difference was found 
for the use of checkmarks, arrows, and x-marks. Males and females were also able to 
achieve similar level of final percent testedness of the spreadsheets. However, gender 
differences in number of bugs fixed and number of bugs introduced were still found. 
Males could significantly fix more seeded bugs than females in both tasks. Females 
significantly introduced more new bugs than males in the first task, but not in the second 
task. In addition, an interaction effect between gender and interface group on number of 
bugs fixed was found in the first task. Males in the simple interface group and females in 
the enhanced interface group were able to fix more bugs than their counterparts. The 
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difference in number of bugs fixed between males and females was significant in the 
simple interface condition but not significant in the enhanced interface condition. These 
results indicate that males still outperformed females although no significant gender 
difference was found regarding their feature use. An explanation for this finding could be 
that males and females adopted different debugging strategies. A recent study 
(Subrahmaniyan et al., 2008) discovered that males who fixed errors in spreadsheet tasks 
by following relationships between cells and modifying numerical values to test different 
test cases of the spreadsheets were able to successfully correct existing spreadsheet 
errors. Unlike males, strategies used by females who successfully fixed spreadsheet 
errors were reading formulas before editing them, initially inspecting formulas and using 
checkmarks or x-marks to track which formulas were correct or needed to work on before 
changing any value to test the spreadsheets, and checking the correctness of the formulas 
by consulting the task description given out in the experiment. Females who performed 
poorly adopted an ineffective strategy, i.e. editing formulas without considering whether 
they were error-free or buggy formulas.   
5.2.2.2 Individual characteristic, user perceptions, and intensity of flow 
As mentioned in the subsection 5.2.1.2, pre-self-efficacy and post-self-efficacy 
were factors concerning individual characteristic whereas perceived ease of use and 
perceived usefulness were user perceptions towards the end-user debugging software. 
Besides these four factors, the intensity of flow was also included in the multiple 
regression analysis of factors influencing end-user debugging performance, i.e. number 
of bugs fixed.  
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Overall, the results of multiple regression analysis show that pre-self-efficacy was 
a significant predictor of number of bugs fixed whereas post-self-efficacy was not 
significant. Perceived ease of use and perceived usefulness were also significantly 
predictive of the performance outcomes. The intensity of flow was not a significant factor 
influencing number of bugs fixed. 
The multiple regression analysis was also carried out separately for males and 
females. For males, the variance of number of bugs fixed was significantly explained by 
pre-self-efficacy, perceived ease of use, and perceived usefulness, but not by post-self-
efficacy and the intensity of flow. Note that the multiple regression results of males were 
the same as the overall data. For females, none of the factors were significantly predictive 
of their performance outcomes. The multiple regression results of the overall data and 
males are discussed together. The females’ multiple regression results are discussed 
separately.  
For the overall and male data, pre-self-efficacy, as expected, significantly 
predicted the task performance. Perceived ease of use was also a significant predictor of 
number of bugs fixed. As discussed earlier, post-self-efficacy and perceived ease of use 
were similarly representative of participants’ self-efficacy beliefs towards using the 
study’s end-user debugging software. Perceived ease of use, then, could be considered 
another construct indicating participants’ self-efficacy. Past research (Davis & 
Wiedenbeck, 2001) has also considered perceived ease of use as a measure of self-
efficacy. They also found perceived ease of use a significant predictor of performance. 
Given this interpretation, a large proportion of variance of number of bugs fixed could be 
explained by self-efficacy.  Participants who highly believed that they were capable of 
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finding and fixing errors by using the study’s end-user debugging software would be able 
to fix more number of bugs.   
Interestingly, based on the Pearson correlation results of the overall data, 
perceived usefulness was not significantly correlated with number of bugs fixed; 
however, the multiple regression analysis shows that it was significantly predictive of 
number of bugs fixed. Moreover, the multiple regression results indicate an inverse 
relationship between perceived usefulness and number of bugs fixed. This result gives a 
mixed message. According to the Technology Acceptance Model, perception of a 
system’s ease of use should help enhance perception of system’s usefulness. An 
individual who perceived that he/she could easily use the system to carry out a task 
should in turn perceive that the system was useful. Apparently, the results of this study 
suggest otherwise. Participants who were confident that they could perform the 
spreadsheet debugging tasks and perceived the spreadsheet debugging software easy to 
use had lower perception of usefulness of the spreadsheet debugging software. An 
explanation for this result may be related to the learning approach participants engaged in 
while performing the task. Beckwith et al. (2006) found males’ playful experimentation 
with the features of end-user debugging software, i.e. turning the feature on and then off, 
to be a negative predictor of number of bugs fixed. She discussed that males’ repeatedly 
tinkering with the same feature and the same cell of the spreadsheet tasks together with a 
little time reflecting upon the feedback given by the software had a negative impact on 
males’ understanding of the features and task performance. In this study, participants 
perceived that the end-user debugging software was easy to use; however, they might not 
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understand and effectively use the features. That’s why they may perceive the system was 
not as useful as it should be. 
The intensity of flow was not significantly predictive of number of bugs fixed. 
Again, flow is related to the process of performing a task and interaction with the system 
whereas the number of bugs fixed is related to performance outcomes. An explanation 
could be that participants could reach a state of flow to keep them working on the tasks, 
but it did not impact participants’ performance.  
For females, it is very surprising to see that none of the factors significantly 
predicted number of bugs fixed by females. It is likely that other user perceptions or 
behavioral factors may mediate the relationship between the measured user perceptions 
and performance outcomes. For instance, Beckwith et al. (2005) found that pre-self-
efficacy predicted females’ feature use which then affected females’ number of bugs 
fixed. 
5.2.3 Qualitative answers 
Perceived usefulness was most prominent in participants’ answers related to 
software features and software-generated feedback. These answers described how the 
features were helpful in performing the tasks. Participants may have commented on the 
usefulness of the software features when they perceived that they could use the features 
and understand how the features were supposed to work. This interpretation is in line 
with the TAM theory that an easy-to-use system increases users’ perception of the 
usefulness of the system. Perceived ease of use was frequently mentioned when 
participants talked about their perception and experience with the tasks and software. 
Self-efficacy was barely mentioned in participants’ answers. However, as discussed in 
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5.2.1.2, self-efficacy may be portrayed within the perception of ease of use. This 
qualitative result is parallel to the quantitative findings that perceived ease of use was the 
strongest factor influencing the intensity of flow.  
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CHAPTER 6: CONCLUSIONS 
 Factors affecting the intensity of flow, a form of intrinsic motivation, were 
investigated. Particularly, this research studied the intensity of flow while using end-user 
spreadsheet debugging software to perform spreadsheet debugging tasks. The 
investigated factors were self-efficacy, perceived ease of use, and perceived usefulness. 
Among these factors, perceived ease of use was the most influential factor of intensity of 
flow. Conceptually, perceived ease of use embodied both an individual’s perception of 
system’s ease of use and an individual’s self-efficacy. The influence of perceived ease of 
use and self-efficacy on the intensity of flow was in line with the flow theory 
(Csikszentmihalyi, 1975) in that an individual would experience a state of flow when an 
individual’s skills were parallel to the challenge of the tasks. The higher the perception of 
ease of use and self-efficacy, the greater the intensity of flow experienced by end users. 
The marginal difference in the intensity of flow between males and females working with 
different versions of the end-user debugging software was also related to the perceived 
ease of use. These findings imply that the perception of ease of use and self-efficacy were 
essential to end users’ intrinsic motivation.  
 In addition, the study examined the influence of the intensity of flow and the 
investigated factors on task performance, i.e., number of bugs fixed. Males’ task 
performance was influenced by perceived ease of use, perceived usefulness, and self-
efficacy, but not the intensity of flow. Females’ task performance was influenced by none 
of the investigated factors. It is also consistent with prior research that males generally 
performed better than females. The gender difference in task performance confirms the 
results of related research in end-user spreadsheet debugging tasks (Beckwith et al., 2005, 
Grigoreanu et al., 2008, Subrahmaniyan et al., 2008). For males, the higher their 
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perception of the system’s ease of use and self-efficacy, the better they could perform the 
tasks. However, males’ task performance and perceived usefulness showed a negative 
relationship. The lower the perception of the system’s usefulness, the more number of 
bugs male participants could fix. The intensity of flow did not show any relationship with 
the number of bugs fixed. These findings suggest that beliefs in one’s ability to use the 
system (perceived ease of use) to carry out the tasks (self-efficacy) were mainly 
important in achieving successful task performance. The inverse relationship between 
perceived usefulness and number of bugs fixed was interesting. Based on TAM theory, 
perception of ease of use should improve perception of usefulness of a system. The result 
of this study, which does not support the TAM theory, suggests that there may be other 
factors that could vary the relationship between perceived ease of use and usefulness. 
This result could be borne out by further research. Regarding the intensity of flow, the 
study’s result implies that the task performance was not affected by the intensity of flow. 
Flow was largely related to the process of interacting with the software and tasks. For 
females, it was surprising to learn that none of the factors influenced their task 
performance. These findings call for future works to investigate which factors directly 
impact females’ spreadsheet-debugging performance or mediate between the study’s 
investigated factors and females’ task performance.  
 The primary research contribution of this study is a better understanding of which 
factors influencing end users’ intensity of flow and task performance in the domain of 
end-user spreadsheet debugging. Perceived ease of use was the strongest factor 
influencing both the intensity of flow and task performance. It conveyed not only an 
individual’s perception of the system’s ease of use but also reflected the individual’s 
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perceived ability to use the system, which eventually could impact a belief in his/her 
capability to perform the tasks. Nevertheless, this study does not emphatically suggest 
that perceived ease of use is the only factor to be taken into account when designing a 
system. The perception of ease of use may help draw users’ attention when starting to 
learn how to use the system. However, to encourage users to adopt a new system and 
actually use it to achieve successful performance, it is necessary that the features are also 
perceived to be useful. If the features are easy to use but serve little function, users may 
perceive the features unhelpful and choose not to use them. It is also necessary to ensure 
that the users correctly learn and understand the purposes of the features and how to use 
them properly to gain maximum benefits out of these new features.  
 The secondary research contribution of this study is the confirmed results of 
gender differences in end-user spreadsheet debugging tasks. These findings show that 
gender differences do exist in end-user spreadsheet debugging tasks. Ongoing research is 
addressing gender issues by incorporating features into the study’s end-user debugging 
software that may help improve females’ performance to bridge the current performance 
gap (Grigoreanu et al., 2008). 
 An implication of this study related to end-user programming software design is 
that end users' perceived ease of use of the software and self-efficacy play a key role in 
end users' intrinsic motivation and task performance. Software designers, thus, should 
consider incorporating approaches that help maintain or promote end users' self-efficacy 
while using the software. End-user programmers would be more willing to adopt the 
software that they perceive they are capable of learning and using it. 
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Another implication of this study relevant to the software design is that the 
intrinsic motivation is not as important as perceived ease of use and self-efficacy in terms 
of its impact on task performance. Promoting intrinsic motivation may be more beneficial 
to software learning and training as suggested in previous research (Webster & 
Martocchio, 1995, Venkatesh, 1999). An enjoyable training session may help foster 
positive attitudes toward the software, which would help increase a chance of end users’ 
continued usage after the initial stage of learning. 
Regarding the issue of gender, merely supporting self-efficacy in the software 
would not be sufficient to help females successfully debug spreadsheets. Apparently, 
there are other issues needed to be incorporated into the software to better support 
females. Future studies will figure out what these issues are. An example may be that 
females' debugging strategies, which are different from males’, are not well-supported by 
the current design of end-user debugging software (Subrahmaniyan et al., 2008). 
Some limitations apply to the study here. Based on these limitations, directions to 
be taken in future works are also suggested. First of all, the end-user population was 
undergraduate students. This population limits how these findings are generalized to 
other populations. Most of these students had worked with spreadsheets before they came 
to the study. However, most of their experiences were based on either spreadsheets done 
for coursework or on a part-time job. These students’ spreadsheet experiences, 
apparently, were at the beginner’s level. Future works could investigate more 
experienced end users who engage in spreadsheet tasks on a daily basis, for instance, 
teachers or accountants. This study's experimental design could be replicated. The future 
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research would reveal whether the same results would or would not apply to different end 
user population. 
Secondly, the intensity of flow was self-reported. It is essentially based on 
participants' recollection of their experience. Whether participants actually reached the 
state of flow during the tasks cannot be objectively drawn from the questionnaire. The 
questionnaire measuring the intensity of flow was also administered after the tasks. 
Basically, the flow was not captured right in the moment. Future works should figure out 
ways to tap into the flow at the time users are having flow. The ability to measure flow in 
real time would enable future research to observe users' behaviors while they are in the 
state of flow in contrast to when they are not engaged in the tasks.   
Lastly, the tasks used in this study were specifically related to spreadsheet 
debugging. This study was started out of the idea to help end users create effective 
software. However, end users have to deal with various programming-related tasks, such 
as creating document templates in word processing programs or creating web scripts to 
help automate repetitive tasks. Future works could investigate whether different results 
may be obtained if different tasks are used. 
In addition, future works could further investigate what impacts females’ task 
performance. Related works found that self-efficacy affected females’ feature use which 
impacted the effectiveness of spreadsheet debugging (Beckwith et al., 2005).  However, 
in this study, there was no difference in feature use between males and females. Still, 
females’ performance was not as good as males’. Future research should examine which 
factors influence females’ performance. 
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A path analysis could be applied in future studies. A path analysis would show the 
direction of relationships between factors. It would also show whether a factor directly 
impacts another factor or mediates between two other factors. The path analysis would 
give a better picture of interrelationships among factors.  
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APPENDIX A: TUTORIAL 
 
Introduction 
 
Hi, my name is _________________, and I will be leading you through today’s study. 
 
The other people involved in this study are __________________. 
 
Before we start, I’d like to remind you to please turn off your cell phones. 
 
Just so you know, I will be reading through this script so that I’m consistent in the 
information I provide you and the other people taking part in this study, for scientific 
purposes. 
 
The aim of our research is to help people create correct spreadsheets. Past studies indicate 
that spreadsheets can contain several errors like incorrectly entered values and formulas.  
Our research is aimed at helping users find and correct these errors. 
 
For today’s experiment, I’ll lead you through a brief tutorial of Forms/3, our research 
spreadsheet software, and then you will have a few experimental tasks to work on. 
 
But first, I am required by Drexel University to read aloud the text of the “Informed 
Consent Form” that you currently have in front of you. And then you need to initial and 
sign the form. You only need to sign one of the two copies; the other is for you to keep.   
• (Give them time to read the form and sign it).  
 
Please do NOT discuss this study with anyone.  We are doing later sessions and would 
prefer the students coming in not to have any advance knowledge. 
 
Questions? 
If you have any questions, contact ___________________, whose name and contact 
information is on the paperwork you will take away with you. 
 
Background Questionnaire (have them fill it out, collect, check)  
 
Tutorial 
 
In this experiment, you will be working with the spreadsheet language Forms/3.  To get you 
familiarized with its features, we’re going to start with a short tutorial.  After the tutorial, you 
will be given two different spreadsheets and will be asked to test those spreadsheets and, if 
you find any errors, fix them. 
 
• As we go through this tutorial, I want you to ACTUALLY PERFORM the steps I’m 
describing.  Please pay attention to your screen while you do the steps. 
• Please do not get ahead of the tutorial, you might miss important points. 
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• If you have any questions or have trouble performing the steps, please raise your 
hand. _______________ (Point to the driver) will also be performing the steps on the 
overhead, as we go through the tutorial.  
 
We are going to teach you several features that will help you with finding and fixing errors. 
So let’s begin our tour of Forms/3’s features. 
 
Here’s some information about the first spreadsheet. 
(Hand out PurchaseBudget Description - First the Description, then the Samples.) 
 
You have two handouts in front of you. One is a description of how this spreadsheet should 
behave. The other handout provides example correct values. Read through both of these 
handouts about the “PurchaseBudget” spreadsheet now. 
 
(Wait for them to read – read yourself silently to not cut them way short) 
 
Now open the PurchaseBudget spreadsheet by clicking on the bar labeled PurchaseBudget at 
the bottom of the screen. 
 
This is a Forms/3 spreadsheet.  There are a few ways in which Forms/3 spreadsheets look 
different than the spreadsheets you may be familiar with. Most notably, you can see that 
some cells have colored borders. 
 
Let’s find out what the red color around the borders means.  Rest your mouse on top of the 
border of cell D…4 (wave the mouse around the cell and then rest mouse on border).  A 
tooltip will pop up and tell us what this color means. (No Pause) If you had trouble getting it 
to come up, move your mouse out of the cell and come back over onto the border a bit faster. 
Can anyone tell me what the tooltip says?  (PAUSE, look for a hand.)  Yes, it means that the 
cell has not been tested. 
 
You might be wondering what testing has to do with spreadsheets.  Well, it is possible for 
errors to exist in spreadsheets, but what usually happens is that they tend to go unnoticed.   
 
So, the red border around the cells is just telling us that the cell has not been tested.  Testing 
is trying out different values, leading to different situations, to see if the answers are coming 
out right. 
 
Observe that both cell C2 and cell C3 have black borders (wave mouse around cells).  These 
cells with black borders only contain values; they do not have formulas, so they can’t be 
tested. Cells with formulas have colored borders. 
 
One of the sheets you have in front of you is titled “Description for the PurchaseBudget 
Spreadsheet Problem”. (Wave it around and show it to them) The first sentence of the callout 
that points to cell D4 says that “The Cost Comb. is the combined cost of pens and paper.” 
(Point at it.) Since we have 0 pens and 0 reams of papers, and 0+0 is 0, we decide that the 
value of “0” in cell D4 is correct. Set your mouse over the small box with a question mark in 
the upper-right-hand corner of cell D4.  Can anyone tell me what the tooltip says?  (PAUSE, 
117 
 
 
wait for answer.)  Yes, it says to click if we decide whether the value is correct or wrong. It 
also tells us that these decisions help test and find errors. 
 
So let’s click the question mark in this decision box. (mouse clicks)  Now a line of four 
options has popped up. What do these four choices mean? You would choose the right-most 
checkmark, (point to with mouse) if you were sure the cell’s value is correct. You would 
choose the left-most x-mark (point to with mouse) if you decided that the value is definitely 
wrong. The inner checkmark is for cases when you think a value might be right, but are not 
sure. And the inner x-mark is for cases where you think a value might be wrong, but you are 
not sure. We’ll place an x-mark toward the end of the tutorial.  
 
The decision that we’re going to make now might not be the correct one – you will have to 
decide whether this decision is correct when you will be working on your own, later on in the 
session. But, for the purposes of teaching you features in this tutorial, let’s say that you are 
sure that the value is correct. Click on the right-most checkmark. (mouse clicks) Notice what 
happened. Three things changed.  A checkmark replaced the question mark in the decision 
box (wave mouse).  The border colors of some cells changed—some cell borders turned blue 
(point to borders), and the spreadsheet percent testedness at the top of your screen increased 
to 22% (point to it).   
 
Sometimes you may need to remove a checkmark, for example, if you accidentally place a 
checkmark in the decision box and the value was really wrong, or if you haven’t seen the 
changes that occurred. To "uncheck" the decision, click on that checkmark. (Pause) 
Everything goes back to how it was. The cells' borders turned back to red, the percent 
testedness bar dropped back to 0% and a question mark reappeared in the decision box. 
 
Put the checkmark back in the decision box for D4. (Wait for mouse clicks). 
 
You may have noticed that the border colors of cells D2 and D3 are both blue.  Now let’s 
find out what the blue border indicates by holding the mouse over cell D2's border in the 
same way as before. (PAUSE) The message tells us that the cell is fully tested.  Also notice 
the blank decision box in cells D2 and D3.  What does that mean?  Position your mouse on 
top of the box to find out why it is blank.  A tooltip pops up that says we have already made a 
decision about this cell. (Pause – Act surprised!) How did this happen? We haven’t made a 
decision about D2 and D3 yet!  Let’s find out. 
 
Position your mouse cursor in the middle of cell D4 and click the scroll wheel (show it). 
(Wait for mouse clicks) Colored arrows appear.  To better see all of the arrows, it sometimes 
helps to open the cell’s formula. To see D4’s formula, move your mouse to the arrow right 
underneath the checkmark in cell D4.  It says “Click here to show formula.”  Click on this tab 
at the bottom right of the cell.  Its formula opened up.   
 
Click the scroll wheel again on any one of these arrows (PAUSE)—it disappears. Now, click 
the scroll wheel again on cell D4 —all the other arrows disappear. (mouse clicks) Now bring 
the arrows back again by re-clicking the scroll wheel on D4. (Wait for mouse clicks) 
 
Notice the arrows are colored the same way as the cell borders. Move your mouse over to the 
topmost blue arrow and hold it there until a tooltip appears. (pause) It first explains that the 
arrow is showing a relationship that exists between D2 and D4.  The value in D2 goes into or 
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contributes to the answer for D4.  (PAUSE) The tooltip also explains that the relationship 
between cell D2 and cell D4 is fully tested. (ANOTHER PAUSE) If you can’t tell what cells 
an arrow is pointing to and from, the tooltip will tell you what those cells are. 
 
This explains why if you mark one cell value as being correct, as you did with D4, and there 
are other cells contributing to it, such as D2 and D3, those cells’ borders will also be colored 
as tested. (PAUSE)   
 
We don’t need those arrows on D4 anymore, so let’s hide them by clicking the scroll wheel 
on cell D4. Let’s also hide the formula, since we don’t need it anymore. To hide the formula, 
hit the “Hide” button above it. (PAUSE) 
 
We are now going to change some values and formulas. First, open the formula for cell B2, 
the number of pens on hand. (WAIT FOR MOUSE CLICKS.) This cell’s formula is just a 
value, and we’d like to try a different value. We’ve got an example correct spreadsheet 
here with some values. (Wave around.) It says “25” for cell B2. (Point to it.) So, let’s use 
this value, since it’s an example we can refer to. Try changing the value to 25 and click 
the “Apply” button. (PAUSE) 
 
Cell E…2 tells us whether we have enough pens. We need more than 68 boxes of pens. 
(PAUSE) So the answer “pen quantity ok” is not right. Don’t fix error in this formula 
quite yet! For the purposes of teaching you features, let’s pretend that we mistakenly 
decided E2’s value was ok. Check the value off, but use the “I’m not sure” checkmark 
this time. (Wait for mouse clicks). Notice that the spreadsheet testedness bar is now up to 
33% tested! (circle with mouse) 
 
Before we fix the error in cell E2’s formula, I want to make sure that you all understand 
how “if formulas” work. The formula says “if the sum of the values in cell B2 and C2 is 
greater than 68, then the answer is the phrase "not enough pens", else the answer is the 
phrase “pen quantity ok"”.  
 
The spreadsheets that you will be given might have errors in some of their formulas. And, 
sure enough, here’s an error in this spreadsheet: if we have 68 boxes of pens or less, then 
we do not have enough pens, otherwise the pen quantity is ok. So, change the “greater 
than” sign to a “less then sign, followed by an equal sign”. (wait – people might get stuck 
on how to type in “<=”) The formula now reads “if the sum of B2 and C2 is smaller than 
or equal to 68, then print the answer is "not enough pens", else the answer is "pen 
quantity ok"”. So far, our testedness bar is still at 33% and cell E2 has a purple border. 
Now, hit the “Apply” button. 
 
What just happened?!? The testedness bar went down to 22% tested. The border color also 
changed – it went back to being red! And a question mark also appeared in the decision box, 
which used to contain a checkmark. Here’s why: since we changed the formula, the system 
had to discard some of our previous testing.  After all, those tests were for the old formula.  
We have a new formula in this cell, so those tests are no longer valid.  We now have to try 
some values on it to make sure that this new formula doesn’t contain errors. 
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Suppose we think the value in E2 now looks right. Check it off. (Wait for mouse clicks.) 
Notice that the percent testedness bar has gone back up to 33%. 
 
The border of cell E2 turned purple. Hover over it. The tooltip says that the cell is 50% 
tested, and that it needs more testing. Remember what “testing” means? (Pause) We’re 
trying to get values that let us try different situations that we haven’t already tried.  
 
Can you think of another situation that we haven’t tried for cell E2? (Long Pause.) How 
about looking at whether the value in cell E2 is correct when the pen quantity is ok? 
Change the value of C2 to 50. Don’t forget to hit “Apply”. A question mark appeared in 
the decision box of E2. Since we’re glad the answer is now “pen quantity ok”, check the 
value off for this situation. The cell border color is now blue, which means it’s 100% 
tested. 
 
You were given two handouts for this task: a description of what the different cells should do 
and a set of example correct values. You will have both of these handouts for every task you 
get. Let’s pretend that, using those handouts, you decide that the value of D…5 is wrong, for 
the purposes of showing you more features. Cell D5 gives the discounted cost. Place an X-
mark in D5’s decision box. To do this, first click the question mark, then pick one of the two 
x-marks. If you’re curious about any of the changes, don’t forget the tooltips are there to help 
you. 
 
Look at the last sentence at the top of one of the handouts for PurchaseBudget; this is your 
task.  It says, “Test the spreadsheet to see if it works correctly, and if you find any errors, fix 
them.”   
 
Remember, if you are curious about any aspect of the system, you can hover your mouse over 
the item and read the tooltip.   Also, you might find those checkmarks and X-marks to be 
useful.  Since we have covered a lot of features in this tutorial, we have created a reference 
sheet to remind you of what we have covered. (Hand out Reference Sheet)  
 
You may use it both as you explore your current spreadsheet, as well as for the actual tasks 
that you will perform after this tutorial. Remember that you also have handouts that tell you 
how the spreadsheet is supposed to behave and that give you example correct values. Starting 
now, you’ll have 3 minutes to test and explore the rest of this spreadsheet. While you’re 
exploring, look for errors in the spreadsheet and fix them.  
(Wait 3 minutes – everyone walks around as assistants.) 
 
The tutorial is now over. Please minimize your spreadsheet. 
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Gradebook.frm 
 
(Hand out Gradebook description and sample values.) 
Let’s read the paragraph at the top of either one of your handouts: 
“A teacher has updated a spreadsheet program that computes the course grade for his 
students. So far, he has only entered formulas for Sally. Once he is sure that those formulas 
are correct, he will also complete the rows for his other students. Your task is to help him by 
testing the updated spreadsheet and if you find any errors, fix them.” 
 
Now open the Gradebook spreadsheet by clicking on the bar labeled Gradebook at the bottom 
of the screen. 
 
One of the handouts (wave it around) gives a description of how the spreadsheet should 
work. The other (wave it around) provides you with two correct sample report cards.  
 
Remember, your task is to test the spreadsheet and, if you find any errors, fix them.  To help 
you do this, use the checkmarks and x-marks by clicking cell decision boxes. 
 
Start your task now, and I’ll tell you when time is up. 
 
(Task is 22 minutes) 
 
Your time’s up for this first task. Minimize your Gradebook spreadsheet. 
 
(Hand out short Gradebook questionnaire.)
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Payroll.frm 
 
(Hand out Payroll description and example.) 
Here is a payroll spreadsheet problem.  Let’s read the paragraph at the top of either one of 
your handouts: 
 
 “A spreadsheet that computes the net pay of three employees has been updated by one of 
your co-workers. So far, they have only entered the formulas for Bob. Once they are sure that 
those formulas are correct, they will go on to also modify the formulas for other employees. 
Your task is to test the updated spreadsheet and if you find any errors, fix them.” 
 
Now open the Payroll spreadsheet by clicking on the bar labeled Payroll at the bottom of the 
screen. 
 
One of the handouts (wave it around) gives a description of how the spreadsheet should 
work. The other (wave it around) provides you with two correct sample payroll stubs.  
 
Remember, your task is to test the spreadsheet, and if you find any errors, fix them.  To help 
you do this, use the checkmarks and x-marks by clicking cell decision boxes. 
 
Start your task now, and I’ll tell you when time is up. 
 
(Task is 35 minutes) 
 
Your time’s up for this final task. Minimize your Payroll spreadsheet. 
 
(Hand out long Payroll questionnaire.) Please take your time to fill out this last 
questionnaire.  
 
 
 
 
 
 
 
 
 
Thank you for participating in our study. Now if you hand us back your signed receipt 
you will receive your $__. 
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DESCRIPTION FOR GRADEBOOK SPREADSHEET PROBLEM 
A teacher has updated a spreadsheet program that computes the course grade for his students. So far, he has only entered formulas for Sally. Once he is 
sure that those formulas are correct, he will also complete the rows for his other students. Your task is to help him by testing the updated spreadsheet 
and if you find any errors, fix them. 
Midterms 
There are three 
midterms, one for each 
textbook chapter. 
The first midterm has 
50 possible points; 
however, it must be 
adjusted to a “0-100” 
percentage scale.  The 
third midterm score is 
curved; students 
receive a two-point 
bonus if their score is 
not zero.   
 
Quizzes   
There are five quizzes 
in all, with scores out of 
a 100 points possible. 
Unit Averages 
For each textbook 
chapter (e.g.: 
Organisms and 
Cells), the scores 
(out of 100) of the 
quizzes and 
midterms are 
combined to get a 
score. Midterms are 
weighted to give 
them twice as much 
value as the quizzes. 
* Students’ scores throughout the course are organized by chapters in 
the class textbook. The three chapters and the assignments involved with 
them, are on the left side of the spreadsheet. 
* The course final and averages which influence 
the final grade are all listed on the right side of the 
spreadsheet. 
Course Totals 
Quizzes are worth 40% of a student’s grade. 
Midterms are worth 40% of a student’s 
grade. The final contributes 20%. A 
student’s course grade is determined by their 
course average, in accordance with the 
following scale:   
                  90 and up: A 
           80 - 89     : B 
           70 – 79    : C 
            60 - 69     : D 
               
Final Exam 
There are 146 
possible points.  
It must be 
adjusted to a 
“0-100” 
percentage 
scale. 
Quiz Avg  
The average of the 
highest four quiz 
scores after the 
lower of  
quiz 2 and quiz 3 
scores is dropped. 
Midterm Avg 
The lower of the 
first two midterm 
percentages is 
dropped.  The 
average midterm 
score is then the 
average of the third 
midterm and the 
higher of the first 
two midterm scores. 
Exam Avg 
The average of the 
midterm average 
and the final exam 
score. 
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EXAMPLE CORRECT VALUES FOR GRADEBOOK SPREADSHEET PROBLEM 
A teacher has updated a spreadsheet program that computes the course grade for his students. So far, he has only entered 
formulas for Sally. Once he is sure that those formulas are correct, he will also complete the rows for his other students. Your 
task is to help him by testing the updated spreadsheet and if you find any errors, fix them. 
 
* Some of the values (denoted by a crossed-out cell) are intentionally not shown. 
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DESCRIPTION FOR PAYROLL SPREADSHEET PROBLEM  
A spreadsheet that computes the net pay of three employees has been updated by one of your co-workers. So far, they have only entered the formulas for Bob. 
Once they are sure that those formulas are correct, they will go on to also modify the formulas for other employees. Your task is to test the updated 
spreadsheet and if you find any errors, fix them. 
Federal Income Tax 
Witholding 
To determine the federal 
income tax withholding: 
1. From the monthly 
adjusted gross pay 
subtract the allowance 
amount (number of 
allowances claimed 
multiplied by $250). Call 
this amount the adjusted 
wage. 
2. Calculate the 
withholding tax on 
adjusted wage using the 
formulas below: 
a. If Single and 
adjusted wage is 
not greater than 
$119, the 
withholding tax is 
$0; otherwise the 
withholding 
amount is 10% of 
(adjusted wage - 
$119).  
b. If Married and 
adjusted wage is 
not greater than 
$248, the 
withholding tax is 
$0; otherwise the 
withholding 
amount is 10% of 
(adjusted wage - 
$248) 
Social Security and 
Medicare 
Social Security and 
Medicare are withheld 
at a combined rate of 
7.65% of Monthly 
Gross Pay. The Social 
Security portion 
(6.20%) will be 
withheld on the first 
$87,000 of the Year-
To-Date Gross Pay, but 
there is no cap on the 
1.45% withheld for 
Medicare. 
 
Insurance Costs 
The monthly health 
insurance premium is 
$480 for Married and 
$390 for Single.  
Monthly dental 
insurance premium is 
$39 for Married and 
$18 for Single.  Life 
insurance premium rate 
is $5 per $10,000 of 
insurance.  The 
monthly employer 
insurance contribution 
is $520 for Married 
and $300 for Single. 
 
 
 
 
Adjusted Gross Pay 
Pretax deductions (such as 
child care and employee 
insurance expense above the 
employer’s insurance 
contribution) are subtracted 
from Gross Pay to obtain 
Adjusted Gross Pay. 
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EXAMPLE CORRECT VALUES FOR PAYROLL SPREADSHEET PROBLEM 
A spreadsheet that computes the net pay of three employees has been updated by one of your co-workers. So far, 
they have only entered the formulas for Bob. Once they are sure that those formulas are correct, they will go on 
to also modify the formulas for other employees. 
                
* Some of the values (denoted by a crossed out cell) are intentionally not shown. 
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DESCRIPTION FOR PURCHASE BUDGET SPREADSHEET PROBLEM 
You are in charge of ordering office supplies for the office you work at.  You must order enough pens and paper to have on 
hand, but you cannot spend more than your allotted budget for office supplies. 
Test the spreadsheet and if you find any errors, fix them. 
 
 
Pen and Paper 
The quantity of 
pens and paper 
that you have 
on hand and the 
quantity that 
you are 
ordering. 
 
Costs of Pen 
and Paper 
The cost of 
pens is $2 per 
box, and the 
cost of paper 
is twice that, 
$4. 
 
Pen and Paper 
Check 
You must keep 
more than 68 
boxes of pens and 
400 reams of 
paper on hand and 
you cannot 
exceed a budget 
of $2000. 
 
Cost 
The Cost Comb. is 
the combined cost of 
pens and paper. A 
discount of 10% is 
taken if the total cost 
is greater than 
$1500.  
Costs of Pen and Paper 
The cost of pens is $2 per 
box, and the cost of paper 
is twice that, $4. 
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EXAMPLE CORRECT VALUES FOR PURCHASE BUDGET SPREADSHEET PROBLEM 
You are in charge of ordering office supplies for the office you work at.  You must order enough pens and paper 
to have on hand, but you cannot spend more than your allotted budget for office supplies. 
Test the spreadsheet and if you find any errors, fix them. 
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APPENDIX C: BACKGROUND QUESTIONNAIRE 
 
1. Gender (circle your selection):   Male  /  Female 
2. Age < 20 20-29 30-39 40-49 50-59 60+ 
3. Major or Educational Background:  ______________________ 
4. Year or Degree Completed:  Fresh.  Soph.  Jun.  Sen.  Post Bac.  Grad. 
5. Cumulative GPA:    ______________________ 
6. Do you have previous programming experience? 
a. High school: 
• How many courses?   _____ 
• What programming languages? ________________________ 
b. College: 
• How many courses?  _____ 
• What programming languages? ________________________ 
c. Professional and/or recreational 
• How many years?   _____ 
• What programming languages? ________________________ 
 
7. Have you ever worked with formulas in spreadsheets for (please check all that apply): 
 A high school course  How many spreadsheets? ____________ 
 A college course  How many spreadsheets? ____________ 
 Professional use  How many years? ____________ 
 Personal use   How many years? ____________ 
8. Have you participated in any previous Forms/3 experiments?   Yes  /  No 
9. Is English your primary language?      Yes  /  No 
If not, how long have you been speaking English?    ______ years. 
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APPENDIX D: COGNITIVE PLAYFULNESS QUESTIONNAIRE 
 
 
The following questions ask you how you would characterize yourself in general.  For 
each adjective listed below, please circle
 
 the number that best matches a description of 
yourself. 
 
 
For example, if you feel that you are quite a happy person, you might circle 6 on the 
scale below: 
 
Strongly 
Disagr ee 
Disagr ee Slightly 
Disagr ee 
Neither  
Agr ee 
nor  
Disagr ee 
 
Slightly 
Agr ee 
Agr ee Strongly 
Agr ee 
        
Happy 1 2 3 4 5 6 7 
        
 
Please circle a number that best describes you in general
 
 for each adjective listed below: 
 
        
  Strongly 
Disagr ee 
Disagr ee Slightly 
Disagr ee 
Neither  
Agr ee 
nor  
Disagr ee 
Slightly 
Agr ee 
Agr ee Strongly 
Agr ee 
         
 
1. Spontaneous 1 2 3 4 5 6 7 
         
2. Conscientious 1 2 3 4 5 6 7 
         
3. Unimaginative 1 2 3 4 5 6 7 
         
4. Exper imenting 1 2 3 4 5 6 7 
         
5. Ser ious 1 2 3 4 5 6 7 
         
6. Bored 1 2 3 4 5 6 7 
         
7. Flexible 1 2 3 4 5 6 7 
 
 
8. Mechanical 1 2 3      4     5     6       7 
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  Strongly Disagr ee Disagr ee Slightly Disagr ee Neither  Agree nor  
Disagr ee 
 
Slightly 
Agr ee 
Agr ee Strongly 
Agr ee 
9. Creative 1 2 3 4 5 6 7 
         
10. Er ratic 1 2 3 4 5 6 7 
         
11. Cur ious 1 2 3 4 5 6 7 
         
12. Intellectually 
stagnant 
1 2 3 4 5 6 7 
         
13. Inquir ing 1 2 3 4 5 6 7 
         
14. Routine 1 2 3 4 5 6 7 
         
15. Playful 1 2 3 4 5 6 7 
         
16. Investigative 1 2 3 4 5 6 7 
         
17. Constr ained 1 2 3 4 5 6 7 
         
18. Unor iginal 1 2 3 4 5 6 7 
         
19. Scrutinizing 1 2 3 4 5 6 7 
         
20. Uninventive 1 2 3 4 5 6 7 
         
21. Inquisitive 1 2 3 4 5 6 7 
         
22. Questioning 1 2 3 4 5 6 7 
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APPENDIX E: SELF-EFFICACY QUESTIONNAIRE 
 
The following questions ask you to indicate whether you could use a new spreadsheet 
system under a variety of conditions.  For each of the conditions please indicate whether 
you think you would be able to complete the job using the system. 
 
Given a spreadsheet which performs common tasks (such as calculating course grades or 
payroll) I could find and fix errors: 
     
... if there was no one 
around to tell me what to 
do as I go. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if I had never used a 
spreadsheet like it before. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if I had only the software 
manuals for references. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if I had seen someone 
else using it before trying it 
myself. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if I could call someone 
for help if I got stuck. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if someone else had 
helped me get started. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if I had a lot of time to 
complete the task. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if I had just the built-in 
help facility for assistance. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if someone showed me 
how to do it first. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
... if I had used similar 
spreadsheets before this 
one to do this same task. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
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APPENDIX F: PEU/PU QUESTIONNAIRE 
  
The following is a list of statements about the spreadsheet system you just used.  Please 
indicate the degree to which you agree (or disagree) with each statement by circling the 
appropriate response. 
 
------------------------------------------------------------------------------------------------------------ 
 
For example, if you think that using the spreadsheet system would be a good way to 
entertain yourself, you might circle number 2 on the scale below: 
 
Strongly  
Disagree 
Neutral Strongly 
Agree 
 
Using the spreadsheet system would be as 
much fun as spending a day at the beach. 
 1  2  3  4  5  6  7 
 
------------------------------------------------------------------------------------------------------------ 
 
Circle the responses that reflect how much you agree (or disagree) with each of the 
following statements: 
 
Strongly  
Disagree 
Neutral Strongly 
Agree 
 
1.) Learning to operate the spreadsheet 
system would be easy for me. 
 1  2  3  4  5  6  7 
                
2.) I would find it easy to get the 
spreadsheet system to do what I want it 
to do. 
 1  2  3  4  5  6  7 
                
3.) It would be easy for me to become 
skillful at using the spreadsheet 
system. 
 
 1  2  3  4  5  6  7 
4.) I would find the spreadsheet system 
easy to use. 
 1  2  3  4  5  6  7 
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Strongly  
Disagree 
Neutral Strongly 
Agree 
 
5.) Using the spreadsheet system would 
improve my performance in finding 
and fixing errors in spreadsheets. 
 1  2  3  4  5  6  7 
                
6.) Using the spreadsheet system would 
increase my productivity in finding and 
fixing errors in spreadsheets. 
 1  2  3  4  5  6  7 
                
7.) Using the spreadsheet system would 
enhance my effectiveness in finding 
and fixing errors in spreadsheets. 
 1  2  3  4  5  6  7 
                
8.) I would find the spreadsheet system 
useful for finding and fixing errors in 
spreadsheets. 
 
 
 1  2  3  4  5  6  7 
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APPENDIX G: INTENSITY OF FLOW QUESTIONNAIRE 
 
 
Listed below are statements about your possible experiences while using the spreadsheet 
system. For each statement indicate how frequently you felt that way. Circle the number 
that best matches your experience. 
 
 
 Never 
1 
Rarely 
2 
Sometimes 
3 
Often 
4 
Always 
5 
 
1.  I was very aware of my    
surroundings. 
1 2 3 4 5 
      
2.  I thought about other things. 1 2 3 4 5 
      
3.  I had to make an effort to 
keep my mind on the 
activity. 
1 
 
2 3 4 5 
      
4.  I was aware of distractions. 1 2 3 4 5 
      
5.  I was aware of my other 
problems. 
1 2 3 4 5 
      
6.  Time seemed to pass more 
quickly. 
1 2 3 4 5 
      
7.  I clearly knew the right 
things to do. 
1 2 3 4 5 
      
8.  I felt that I received a lot of 
direct feedback. 
1 
 
2 3 4 5 
      
9.  I felt in control of myself. 1 2 3 4 5 
      
10.  I felt self-conscious. 1 2 3 4 5 
      
11.  I felt in harmony with the 
environment. 
1 2 3 4 5 
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APPENDIX H: SYSTEM FEATURE QUESTIONNAIRE 
 
 
1. Mark how you found the following features for finding and fixing errors: 
 
Cell border colors helped me make 
progress 
 
 
Strongly 
Disagree 
Disagree  Neither 
Agree 
Nor 
Disagree 
Agree Strongly 
Agree 
      
Interior Cell Coloring (yellow and 
orange) helped me make progress 
 
Strongly 
Disagree 
Disagree  Neither 
Agree 
Nor 
Disagree 
Agree Strongly 
Agree 
      
X-marks helped me make progress 
 
Strongly 
Disagree 
Disagree  Neither 
Agree 
Nor 
Disagree 
Agree Strongly 
Agree 
      
Checkmarks (√) helped me make 
progress  
 
Strongly 
Disagree 
Disagree  Neither 
Agree 
Nor 
Disagree 
Agree Strongly 
Agree 
      
Pop up messages helped me make 
progress 
 
Strongly 
Disagree 
Disagree  Neither 
Agree 
Nor 
Disagree 
Agree Strongly 
Agree 
      
Arrows helped me make progress 
 
Strongly 
Disagree 
Disagree  Neither 
Agree 
Nor 
Disagree 
Agree Strongly 
Agree 
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Percent tested indicator helped me make 
progress 
 
 
Strongly 
Disagree 
Disagree  Neither 
Agree 
Nor 
Disagree 
Agree Strongly 
Agree 
      
Bug likelihood bar helped me make 
progress 
 
 
Strongly 
Disagree 
Disagree  Neither 
Agree 
Nor 
Disagree 
Agree Strongly 
Agree 
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APPENDIX I: COMPREHENSION QUESTIONNAIRE 
 
 
 
 
Q2 to Q7: Refer to the Figure Above and choose your answers from the choices below. 
                  One or more Questions can have the same answer. 
 
2. If we place an X- mark in cell D the color of the cell D:  
a. Remains the same 
b. Gets darker 
c. Gets lighter 
d. Don’t know 
 
3. If we place an X- mark in cell D the color of the cell C  
a. Remains the same 
b. Gets darker 
c. Gets lighter 
d. Don’t know 
 
4. If we place an X- mark in cell D the color of the cell E  
a. Remains the same 
b. Gets darker 
c. Gets lighter 
d. Don’t know  
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Assume for the next three Questions (5-7) that an X- mark has been placed on the 
cell D. 
 
5. If we place an X- mark in cell C the color of the cell C  
a. Remains the same 
b. Gets darker 
c. Gets lighter 
d. Don’t know 
 
6. If we place an X- mark in cell C the color of the cell B  
a. Remains the same 
b. Gets darker 
c. Gets lighter 
d. Don’t know 
 
7. If we place a Checkmark in cell C the color of the cell D  
a. Remains the same 
b. Gets darker 
c. Gets lighter 
d. Don’t know 
 
 
 
8. What does a blue border of a cell with a yellow-orange interior mean (refer to above 
figure)? (Circle 1 option for each part) 
 
a) The value is: (circle 
1) 
CORRECT WRONG COULD BE 
EITHER 
b) The cell is: (circle 1) TESTED  UNTESTED COULD BE 
EITHER 
c) The cell has: (circle 
1) 
BUG LIKELIHOOD NO BUG 
LIKELIHOOD 
COULD BE 
EITHER 
d) My answers to a, b, 
and c are just guesses. 
YES, JUST 
GUESSES 
NO, NOT GUESSES  
e) The combination of 
blue border and yellow-
orange interior colors 
on this cell: (circle 1) 
MAKES SENSE MAKES NO SENSE NOT SURE 
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9. In the figure below, what does the X- mark in the decision box mean?   
 
 
 
 
 
 
10. In the figure below, what does the orange color in the interior of the cell mean?   
 
 
 
 
 
 
 
 
11. In the figure below, what does it mean when the colors in the interior of Cell3 is 
darker than the interior of Cell2? 
 
 
 
 
 
12. In the figure below, what does this bar mean? 
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13. Did you place X marks?  (Circle Yes or No) 
a.    Yes. (Go to Question 14) 
b.    No. (Go to Question 15) 
 
14.  When I placed an X mark… 
  
… I worried they would 
distract me from my original 
goal. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
… I was afraid that I would 
not use them properly. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
… I was afraid I would take 
too long to learn them. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
 
15.  I did not place X marks because… 
 
… I worried they would 
distract me from my original 
goal. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
… I was afraid that I would 
not use them properly. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
      
… I was afraid I would take 
too long to learn them. 
Strongly 
Disagree 
Disagree  Neither Agree 
Nor Disagree 
Agree Strongly 
Agree 
 
 
Thank you for participating in our study! 
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